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Q (57) Abstract: There is provided a compound of fomiula (I), wherein X, R\ R", R^ R**, R^ and R^ have meanings given in the de- 
^ scription. and pharmaceuticaHy-acceptable salts thereof, which compounds are useful in the treatment of diseases in which inhibition 
1^ of the activity of microsomal prostaglandin E synthase-1 is desired and/or required, and particularly in the treatment oflnflammation. 
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INDOLES USEFUL IN THE. TREATISffiNT OF INFLAJSilNlATIGN 
Field of the Invention 

5 This invention relates to novel phaiTaaceutically-usefal componnds, which 
compounds are useful as inhibitors of en23njLes belonging to the membrane- 
associated proteins in the eicosanoid and glutathione metabolism (iSdAPEG) 
family. Members of the IS^APEG family include the microsomal 
prostaglandin E synthase-1 (mPGES-1), 5-lipoxygenase-activa1ing protein 

10 (FLAP), leukotriene C4 synthase and microsomal glutathione S-transferases 
(MGSTl, MGST2 and MGST3). The compounds are of potential utihty in 
the treatment of infLammator3^ diseases including respiratory diseases. The 
invention also relates to the use of such compomids as medicaments, to 
pharmaceutical compositions containing them, and to S3mti.etic routes for 

1 5 their production 

Background of the In^^ention 

There are many diseases/disorders that are inflammatory in their nature. 
20 One of the major problems associated with existing treatments of 
infLammatoiy conditions is. a lack of efficacy and/or the prevalence of side 
effects (real or perceived). 

Inflaitmiatory diseases that affect the population include asthma, 
25 inflanamatoiy bowel disease, rheumatoid aithritis, osteoarthritis, rhinitis, 
conjunctivitis and demiatitis. 

Inflammation is also a common cause of pain. Inflarnrnatoiy pain may arise- 
for numerous reasons, such as infection, surgeiy or other trauma. 
30 Moreover, several diseases including malignancies arid cardioavasculai- 
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diseases are knowB to have inflammatory components adding to -the 
sinnptomatology of the patients . 

Asthma is a disease of the au-wa3's that contains elements of both 
5 inflammation and bronchoconstriction. Treatment regimens for asthma are 
based on the severity of the condition. Mild cases are either mtreated or are 
only treated with iiahaled B-agonists which affect the bronchoconstriction 
element, whereas patients with more severe asthma tj'pically are treated 
regularly v^dth inhaled corticosteroids which to a large extent are anti- 
1 0 inflammatoiy in their nature. 

Another common disease of the airways mth inflammatoiy and 
bronchoconsh-ictive components is clironic obstmctive pulmonary disease 
(COPD). The disease is potentially lethal, and the morbidity and mortality 
15 from the condition is considerable. At present, there is no kaown 
pharmacological treatment capable of changing the course of the disease. 

The cycloox3'genase (COX) enzyme exists in two forms, one that is 
constitatively expressed in many cells and tissues (COX-1), and one that is 
20 induced by pro-inflammatory stimuli, such as cytokines, during an 
inflammatory response (COX-2). 

COXs metabolise ai-achidonic acid to the unstable intermediate 
prostaglandin H2 (PGH2). PGH2 is fuither metabolised to other 
25 prostaglandins includmg PGE,, PGFja, PGDo, prostacyclin and 
thromboxane Aj. These arachidonic acid metabolites are know to have 
pronounced physiological and pathophysiological activity including pro- 
inflammatory effects. 
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PGE2 in particular is laio-wn to be a strong pro-inflammator}' mediator, and 
is also Imo-WTi to induce fever and pain. Consequently, numerous drugs 
have been developed with a -vriew to inhibiting the formation of PGE2, 
mcludiQg "NSAIDs" (non-steroidal antiioflammatory drugs) and "coxibs" 
5 (selective COX-2 inhibitors). These drugs act predominantly by inhibition 
of COX- 1 aud/or COX-2, thereby reduciag the fomation of PGE2. 

However, the inhibition of COXs has the disadvantage that it results in the 

reduction of the formation of all metabolites of ai-achidonic acid, some of . 
10 vv^hich are loiown to have beneficial properties. In view of this, drugs which 

act by iohibition of COXs are therefore IcnoWsuspected to cause adverse 

biological effects. For example, the non-selective inhibition of COXs b3'....;-. .-, ^. 

NSAIDs may give rise to gastrointestinal side-effects and affect platelet and r^;. 

renal fimction. Even tiie' selective inhibition of COX-2 by coxibs, whilst ... 
15 reducing such gastrointestinal side-effects, is beheved to give rise to r 

cardiovascular problems . .-■ 

An alternative treatment of inflammatory diseases that does not give rise to 
the above-mentioned side effects would thus be of real benefit in the clinic; 

20 In particular, a drug that inhibits (preferably selectively) the transformation ' 
of PGH2 to the pro-iQflammatoi7 mediator PGEo might be expected to . 
reduce the inflanmiatoTy response in the absence of a correspondiug 
reduction of the formation of other, beneficial arachidonic acid metabolites. 
Such inhibition would accordingly be expected to alle^date the undesirable 

25 side-effects mentioned above. 

PGH2 may be fransformed to PGE2 by prostaglandin E synthases (PGES). 
Two microsomal prostaglandin E s^mthases (mPGES-1 and mPGES-2), and 
one c3'tosohc prostaglandin E synthase (cPGBS) have been described. 
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The leukotrienes (LTs) are formed from arachidonic acid by a set of 
enzymes distinct from those in the COX / PGES pathway. Leukotrieae B4 
is Imown to be a strong proinflammatory mediator, while the cysteinyl- 
containing leukotrienes C4, D4 and E4 (CysLTs) are mainly ver^' potent 

5 bronchocoBStrictors and have thus been impUcated in the pathobiology of 
asthma. The biological activities of the CysLTs are mediated through tv^'o 
receptors designated CysLTi and CysLT,. As an alternative to steroids, 
leukotriene receptor antagonists (LTRas) have been developed in the 
treatment of asthma. These drugs may be given orally, but do not control 

1 0 inflammation satisfactorily. The presently used LTRas are highly selective 
for CysLTi. It may be hypothesised that better control of asthma, and 
possibly also COPD, may be attained if the activity of both of the CysLT 
receptors could be reduced. This may be achieved by developing 
unselective LTRas, but also by inhibiting the activity of proteins, e.g. 

15 ■ enzymes, involved in the synthesis of the CysLTs. Among these proteins, 
5-lipoxygenase, 5-Hpoxygenase-activating protein (FLAP), and leukotriene 
C4 synthase may be mentioned. A FLAP inhibitor would also decrease the 
formation of the proinflammatory LTB4. 

20 mPGES-1, FLAP and leukotriene C4 synthase belong to the membrane- 
associated proteins in the eicosanoid and glutathione metabohsm (MAPEG) 
family. Other members . of this family include the microsomal glutathione 
S-transferases (MGSTl, MGST2 and MGST3). For a re^dew, c.f. P.-J. 
Jacobsson et aim Am. J. Respir. Crit. Care Med. 161, S20 (2000). It is weU 

25 known that compounds prepai-ed as antagonists to one of the MAPEGs may 
also exhibit inhibitory acti^dty towards other family members, c.f. J. H 
Hutchinson et al in J. Med. Chem. 38, 4538 (1995) and D. Claveau et al in 
/. Immunol. 170, 4738 (2003). The former paper also describes that such 
compounds may also display notable cross-reactivity with protems in the 
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arachidoBic acid cascade that do not belong to the 1\1APEG familj-^ e.g. 5- 
lipo>:37genase. 

Thus, agents tbat are capable of inhibiting the action of mPGES-l, and thus 
5 reducing the formation of the specific arachidonic acid metabolite PGEa, 
lilcel5/ to be of benefit in the treatment of inflammation. Further, agents that 
are capable of inhibiting the action of the proteins involved in the synthesis 
of the lenkotrienes are also likel}^ to be of benefit in the treatment of asthma 
and COPD. 

10 

Prior Art - 

Various indole-2-carboxylates, and derivatives thereof, have been disclosed^, 
in international patent applications WO 01/30343, WO 96/03377, WO;;.. 
15 01/00197 and WO 99/33800, US patents Nos. 5,189,054 and 4,960,786,.v- 
Em-opean patent application EP 483 881 and Italian Patent No. 1303260.,. 
However, none of these documents disclose or suggest the use of the indole- 
2-carbox3dates in the treatment of inflammation. 

20 Similar indole-2-carbox5'lates have been disclosed for potential use in. the 
treatment of inflammation hx international patent applications WO 
99/07678, WO 99/07351, WO 00/46198, WO 00/46197, WO 00/46195, 
WO 00/46199, WO 96/18393, WO 02/30895, WO 99/05104, WO 01/32621 
and WO 2005/005415, US, patents Nos. 5,081,145 and 5,081,138 and 

25 European patent applications EP 166 591 and EP 985 666. However, none 
of these documents disclose such compounds in which an aromatic gi-oup is 
dii-ectly attached to tiie riag S3'stem via the indole nitrogen. 

International patent application WO 94/13662 and European patent 
30 application EP 186 367 also mention indoles for potential use in the 
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treatment of inflammation. However, these documents do not mention or 
suggest compounds in which the benzenoid moiety of the indole is 
substituted with an aromatic ring. 

5 International patent appHcations WO 94/14434, WO 99/43672, WO 
98/08818, WO 99/43654 and WO 99/43651, and US patents Nos. 6,500,853 
■ and 6,630,496 also describe stmcturally similar- indoles for such potential 
use. However, there is no specific disclosure in any of these documents of 
indole-2-carboxylates in which an aromatic group is directly attached via 
1 0 the indole nitrogen. 

Disclosure of the Invention 

According to the invention there is provided a compound of formula I, 



20 X and independently represent an aryl group or a heteroaryl group, both 
of which groups are optionally substituted by one or more substituents 
selected from A; 

one of the groups R", R^ R^* and R^ represents an aryl group or a heteroaayl 
25 group (both of which are optionally substituted by one or more substituents 
selected from A) and: 



15 




6 



wherein 
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a) the other groups are independently selected from hydrogen, G', an 
arjd group, a heteroarj'l gi'Dup (which latter two groups are optionalli' 
substituted by one or more substituents selected from A), d-s allcyl and a 
heterocycloaUvyl group (which latter two groups are optionaUy substituted 

5 by one or more substituents selected from and/or Z\ and/or 

b) any two other groups wbich aie adjacent to each other are optionally 
linlced to form, along with two atoms of the essential benzene ring in the 
compound of formula I, a 3- to 8-membered ring, optionaDy containiug 1 to 
3 heteroatoms and/or 1 to 3 double bonds, which ring is itself optionaUy 

10 substituted by one or more substituents selected from halo, -R^, -OR^ and 
=0; 

A represents, on each occasion when mentioned above: 
I) an sry\ gi'oup or a heteroaryl gi'oup, both of which are optionally 
1 5 substituted b^' one or more substituents selected from B ; 

n) Ci.8 allc3'l or a heterocycloalk)?] group, both of which are optionaUy 
substituted by one or more substituents selected from G' and/or Z^; 
ni) a G^ group; or 

rV) two A substituents may be haolced together to form, along with at 
20 least two (e.g. adjacent) atoms of the aryl or heteroarjd group to which the 
tvi'o A substituents axe attached, a ftirther 3- to 5-membered ring, which riag 
optionaUy contams 1 to 3 (e.g. 1 or 2) hetereoatoms and/or 1 to 2 (e.g. 1) 
double bonds, and which is optionaUy substituted by halo or C]-8 allcyl, 
which latter group is optionaUy substituted by halo; 

25 

R^ represents, on each occasion when mentioned above: 

I) hydrogen; 

II) an aiyl group or a heteroaiyl group, both of which ai-e optionaUy 
substituted by one or more substituents selected from B ; or. . 
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IE) Ci,8 aUcyl or a heterocycloalkid gi-oup, both of which are optionally 
substituted by one or more substituents selected from and/or 7}\ 

represents, on each occasion when mentioned above, halo, cyano, 
5 -NO2. -ONO2 or -A^-R^; 

wherein represents a single bond or a spacer group selected from 
-C(0)A--, -S(0)nA'-, -N(RV^- or -OA^-, in which: 
A^ and A^ independently represent a single bond, -N(R^)- or -C(0)-; 
A"^ and A^ independently represent a single bond, -C(0)-, -C(0)N(R^)-, 
10 -C(0)0-, -S(0)„- or -S(0)„N(R')s 

7} represents, on each occasion when mentioned above, =0, =S, =NOR , 
=NS(0),N(R')(R'), =NCN or =C(H)N02; 

15 B represents, on each occasion when mentioned above: 

I) an dxii gi'oup or a heteroarjd group, both of which are optionally 
substituted by one or more substituents selected from G^, methjdenedioxy, 
difluoromethylenedioxy and/or dimeth3^hnefhylenedioxy; 
n) Ci»s aliryl or a heterocycloalkyl group, both of which are optionally 

20 substituted by one or more substituents selected from G and/or Z ; 
m) a group; or 

IV) mefhylenedioxy, difluoromethylenedioxy or dimethylmethylene- 

dioxy; 

25 G" represents, on each occasion when mentioned above, halo, cyano, -N3, 
-N02,-ON02or-A^-R^; 

wherein represents a single bond or a spacer group selected from 

-C(0)A'-, -S(0)„A*-, -N(R'°)A^- or -0A'°-, in which: 

A'^ and A^ independently represent a single bond, -0-, -N(R'°)- or -C(0)-; 
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and A*'' independently represent a single bond, -C(0)-, -C(0)N(R^*^)-, 



-C(0)0-,-S(0)„- or-S(0)„N(R'>; 

Z~ represents, on each occasion when mentioned above, =0, =S, =NOR', 
5 =NS(0)„N(R'°)(R') , =NCN or =C(H)N02; 

R'^, R^ R^ and R''' are independently selected from: 

i) hydi-ogen; 

ii) an BTyl group or a heteroarj'l group, both of which are optionally 
10 substituted by one or more substituents selected from G^ methylenedioxT, ■ 

difLuorometiiylenedioxy and/or dimethylmeth3'lenediox5'-; 

iii) Ci.s alicyl or a heterocycloaRcyl group, both of which axe optionally., 
substituted by and/or Z^; or 

any pah of R"' and R^ or R^ and R^°, may, for example when present on the 
15 same or on adjacent atoms, be Imlced together to form wdth those, or other 
relevant, atoms a frirflier 3- to 8-membered ring, optionaU}^ contaming 1 to 3 
heteroatoms and/or 1 to 3 double bonds, which ring is optionally substimted 
by one or more substituente selected from and/or ; 

20 G^ represents, on each occasion when mentioned above, halo, cyano, -N3, 
-N02,-ON02or-A"-R^^; 

wherein A" represents a smgle bond or a spacer group selected from 
-C(0)A^'-, -S(0)„A''-, -N(R'-)A^'- or -OA''-, ui which: 
a'- and A" independently represent a smgle bond, -0-, -N(R'^)- or -C(0)-; 
25 a'" and A^' independently represent a single bond, -C(0)-, -C(0)N(R^')-, 
-C(0)0-, -S(0)„- or -S(0)„N(R'-)-; 



represents, on each occasion when mentioned above, -O, -S, -NOR", 
=NS(0)„N(R'')(R") , =NCN or =C(H)N02; 
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n represents, on each occasion when mentioned above, 1 or 2; 

B}^ and R^" are independently selected from: 
i) hydrogen; 

5 ii) Ci.6 allqd or a heterocycloalks'l group, both of which groups are 
optionally substituted by one or more substituents selected from halo, 
alkyl, -N(R'')(R'*), -0(R'^) and =0; and 

iii) an aryl or heteroaryl group, both of which are optionally substituted 
by one or more substituents selected from halo. Cm alkyl -N(R")(R^'^) and 
10 -0(R}y, or 

any pair R^^ and R^' may, for example when present on the same or on 
adjacent atoms, be Hnked together to form with those, or other relevant, 
atoms a ftirther 3- to 8-meinbered ring, optionally containing I to 3 
heteroatoms and/or 1 to 3 double bonds, which ring is optionally substituted 
15 by one or more substituents selected fi-om halo, C)^ allcjd, -N(R''')(R''*), 
-0(R^") and=0; 

R" and R^"^ are independently selected from hydrogen and Ci^ alkyl, which 
latter group is optionally substituted by one or more halo groups; 

20 

or a phaimaceuticaEy-acceptable salt thereof, 

which compounds and salts are referred to hereiaafter as "the compoxmds of 
the invention". 

25 

Pharmaceutically-acceptable salts include acid addition salts and base 
addition salts. Such salts may be formed by conventional means, for 
example by reaction of a free acid or a free base form of a compound of 
foi-mula I with one or more equivalents of an appropriate acid or base, 
30 optionally in a solvent, or in a medium in which the salt is insoluble. 
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followed b5' removal of said solvent, or said medium, using standard 
techniques (e.g. in vacuo, by freeze-drying or by filtration). Salts may also 
be prepared by exchanging a counter-ion of a compound of the invention m 
the form of a salt with anothei- counter-ion, for example using a suitable ion 
5 exchange resin. 

Compounds of the invention may contain double bonds and may thus exist 
as E (entgegen) and Z {zusamvien) geometric isomers about each individual 
double bond. All such isomers and mixtures thereof are included within, the 
10 scope of the invention. 

Compounds of the invention may also exhibit tautomerism. AU tautomeric 
forms and mixtm-es thereof are included within the scope of the invention. 

15 Compoimds of the invention may also contain one or more asymmetric, 
carbon atoms and may therefore exhibit optical and/or diastereoisomerism. 
Diastereoisomers may be separated using conventional techniques, e.g. 
chromatography or fractional crj^staUisation. The various stereoisomers 
may be isolated by separation of a racemic or other mixture of the 

20 compounds using conventional, e.g. fractional crystallisation or HPLC, 
techniques. Alternatively the desired optical isomers may be made by 
reaction of the appropriate opticaUy active stalling materials under 
conditions which will not cause racemisation or epimeiisation (i.e. a 'chiral 
pool' method), by reaction of the appropriate starting material wath a 'chh-al 

25 auxihaiy' which can subsequently be removed at a suitable stage, by 
deiivatisation (i.e. a resolution, including a dimamic resolution), for 
example with a homochu-al acid foUowed by sepai'ation of the 
diastereomeric derivatives by conventional means such as chi-omatography, 
or by reaction mth an appropriate chh-al -reagent or chiral catalj^st aU under 
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conditions lcno^^'n to the slciUed person. AU stereoisomers and mixtures 
tiiereof are included within the scope of the iavention. 

Unless otherwise specified, Cj., alkyl groups (where q is tlie upper limit of 
5 the range) defined herein may be straight-chain or, when there is a sufficient 
number (i.e. a minimum of t^vo or three, as appropriate) of carbon atoms, be 
branched-chain, and/or cyclic (so formitig a Cs-q cycloalkj^ group). 
C3.q cycloalkyl groups that may be mentioned iaclude monocyclic or 
bicyclic allcyl groups, which cycloalkyl groups may further be bridged. 

10 Further, when there is a sufficient number (i.e. a TnipiTrmm of four) of 
carbon atoms, such groups may also be part cyclic. Such alkyl groups may 
also be saturated or, when there is a sufficient number (i.e. a minimum of 
two) of carbon atoms, be unsaturated (forming, for example, a Cj^ 
cycloaUcenyl, a Cs cycloallcj'nyl or, more particularly, a Cj-q allcenyl or a 

15 C2.q alkynyl group). Further, in the case where the substituent is another 
cyclic compound, then the cyclic substituent may be attached through a 
shigle atom on the cycloaUcsd group, forming a so-caUed "spiro"-compound. 

The term "halo", when used herein, mcludes fluoro, chloro, bromo and iodo. 

20 

Heterocycloalkyl groups that may be mentioned include those ia which at 
least one (e.g. one to four) of the atoms in the ring system is other than 
carbon (i.e. a heteroatom), and in which the total number of atoms in the 
ring system is betvi'een three and t\^'elve (e.g. between five and ten). 

25 Further, such heterocycloalkyl gi'oups may be saturated or unsaturated 
containing one or more double and/or triple bonds, forming for example a 
C2-q (e.g. Ca^) heterocycloalkenyl (where q is the upper hmit of the range) 
or a C3.q heterocycloalksmyl group. Ca-q heterocycloalkyl groups that may 
be mentioned include aziiidinyl, azetidinyl, dihydropyranyl, dihydropyridyl, 

30 dihydropjorolyl (including 2,5-dihydropyiTolyl), dioxolanyl (including 1,3- 
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dioxolanyl),. dioxanyl (iacluding Ip-dioxan^d and l,4-dioxaii3'l), ditManjd 
(including 1,4-dithianyl), dithiolanyl (including 1 ,3-dithiolanyl), 
imidazolidinyl, imidazolinyl, moipholinyl, oxetan}^, ojdranid, piperazin}^, 
piperidin}'!, pinranyl, p3Tazolidinyl, p5Trolidinon34, pjirolidinyl, piirolin^d, 
5 quinuclidinyi, sulfolanyl, 3-sulfolenyL tetrahydrop3Taii5'l, tetL-ahydrofuran3d, 
tetraliydi-op5Tidyl, thietan3''l, thiixanyl, thiolanyL thiomorpholinyl, trithianyl 
(including Ipp-tritluan^d), tropanj'l and the like. Other heterocycloallcyl 
groups that may be mentioned include 7-azabicyclo[2.2.1]heptan3d, 6- 
azabicyclo[3.1.1]heptan3d, 6-a2abicyclo-[3.2.1]octan34, 8-azabicyclo[3.2.1]- 

10 octanyl, 7-oxabicyclo[2.2.1]heptan3d and 6-oxabicyclo[3.2.1]octanyl.:. 
HeterocycloallQ'l groups that may be mentioned include monocyclic and -r -. 
bicyclic heterocycloallcyl groups, Avhich gi-oups may furdier be bridged. 
Substituents on heterocycloalkyl groups may, where appropriate, be located:.;, 
on any atom in the ring system including a hetaroatom. Further, in the case;;: 

15 where the other substituent is another cychc compoimd, then the C3'clic a 
compomd may be attached through a siagle atom on the heterocycloaDqdri 
group, forming a so-called "spiro"-compound. The point of attachment of 
heterocycloaIb3'i groups may be via any atom in the ring system including 
(where appropriate) a heteroatom (such as a nitrogen atom), or an atom on 

20 any fused carbocycHc ring that may be present as part of the ring system. 
■Heterocycloallc3d groups may also be in the N- or S- oxidised form. 

For the avoidance of doubt, the term "bicychc", when employed in the 
context of cycloallcyl and heterocycloallcyl gi-oups refers to such gi-oups in 
25 which the second ring is formed between tvi'o adjacent atoms of the first 
ling. The term "bridged", when employed in the context of c5'cloaIlc37l or 
heterocycloaUcid groups refers to monocycHc or bicychc groups in which 
two non-adjacent atoms are linked by either an alicylene or heteroaIlc3dene 
chain (as appropriate). 



30 
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Aryl groups that may be mentioned include C6-13 (e.g- Csao) groups. 
Such groups ma}^ be monocyclic or bicyclic and have between 6 aad 13 
(e.g. 10) ring carbon atoms, in which at least one ring is aromatic. Ce-is 
groups include phenjd, naphthyl and the liLce, such as fluorenyl and, more 
5 particularly, 1,2,3,4-tetrahydronaphfhyl, indanyl, and Lndenyl. The point of 
attachment of ai"yl gi'oups may be via any atom of the ring system. 
How'ever, w^hen aryl groups are bicyclic or tricycHc, they are preferably 
linked to the rest of the molecule via an aromatic iing. 

1 0 Heteroaryl groups that may be mentioned include those which have between 
5 and 10 members. Such groups may be monocyclic, bicyclic or tricyclic, 
provided that at least one of the rings is aromatic and wherein at least one 
(e.g. one to four) of the atoms in tlie rmg system is other than carbon (i.e. a 
heteroatom). Heteroc5^cnc groups that may be mentioned include acridinyl, 

15 benzimidazolyl, benzodioxanyl, benzodioxepinyl, benzodioxolyl (including 
1 ,3-benzodioxolyl), benzofuranyl, benzofurazaayl, benzothiazolyl 
(including 2,1,3 -benzothLazotyl) , benzoxadiazolyl (including 2, 1 ,3- 
benzoxadiazolyl) , benzoxazinyl (including 3 ,4-dLhydro-2i7- 1 ,4- 
-benzoxazin^d), benzoxazolyl, benzimidazolyl, benzomoipholinyl, 

20 benzoselenadiazolyl (including 2,1,3-benzoselenadiazolyl), benzothienyl, 
carbazolyl, chromanyl, cinnolinyl, furanyl, hnidazolid, imidazo[lj,2- 
ajpyridyl, indazolyl, indolinyl, . indolyl, isobenzofuranyl, isochromanyl, 
isoindolinyl, isoindolyl, isoquinohnyl, isothiaziolyl, isoxazolyl, 
naphthyridinyl (including 1,5-naphthyridinyl and 1,8-naphthyridinyl), 

25 oxadiazolyl (including l,2,3-oxadiazol3d, 1,2,4-oxadiazolyl and 
l,3,4-oxadiazol5d), oxazolyl, phenazinyl, phenothiazinyl, phthalaziayl, 
pteiidinyl, purinyl, pyrazinyl, pyrazoljd, pyridazinyl, pyridyl, pyrimidinyl, 
p^TTolyl, quinazolin^d, quinolinyl, quinoUzinyl, quinoxalinyl, tetrahydroiso- 
quinolin^d (including l,2,3,4-teti-ahydroisoquinoliQ3d and 5,6,7,8- 

30 tetrahydroisoquinolin^d), tetrahydroquinolinyl (including 1,2,3,4- 
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tetra]i3'droquiDolin34 and 5,6,7, 8-tetrahydxoqumolm5'l), tetrazolyl, 
thiadiazolyl (iacludmg L2,3-tliLadiazolyl, l,2,4-tiiLadia2ol54 and 
1,3,4-thiadiazolyl), thiazolyl, thiochromaujd, thienjd, triazotyl (including 
l,2,3-triazol5'l, l,2,4-triazol54 and 1,3,4-triazolyl) and the like. Substituents 
5 on iLeteroar}^ groups may, whert appropriate, be located on an^' atom in the 
ling S3'stem including a heteroatom. The point of attachment of heteroaiyl 
groups may be via any atom in the ring system including (where 
appropriate) a hetea-oatom (such . as a niti-ogen atom), or an atom on any 
fiised carbocychc ring that may be present as part of the ring system. 
10 However, when heteroaryl groups are bicychc or tricyclic, fhey are- 
preferably linked to the rest of the molecule via an aromatic ring. . 
Heteroaryl groups may also be hi the N- or S- oxidised form. 

Heteroatoms that may be mentioned iaclude phosphorus, silicon, boron, ; . 
15 tellurium, preferably, selenium and, more preferably ox^^gen, nih-ogen;; 
and/or sulfur. 

For the avoidance of doubt, optionally substituted methylenedioxy groups, 
when attached to a ring S3'stem, are formed between any two adjacent atoms 
20 of the ring system. 

For the avoidance of doubt, in cases m which the identity of tv^'o or more 
substituents hi a compound of the invention may be the same, the actual 
identities of the respective substituents are not in any way iaterdependent. 

25 For example, ia the situation ia which and X are both aryl groups 
substituted by one or more Cj.s alkyl groups, the anc3^1 gi-oups in question 
may be the same or different. Similai-ly, when groups are substituted by 
more than one substituent as defined herein, the identities of those 
iadividual substituents are not to be regarded as being iaterdependent. For 

30 example, when X and/or R' represents e.g. an aryl group substituted by 
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in addition to, for example, C,.g alkyl, which latter gi-oup is substituted by 
G\ the identities of the two groups are not to be regarded as being 
interdependent. 

5 Compounds of the invention that may be mentioned include those in which: 
A- and independently represent a single bond, -O- or -N(R^)-; 

represents, on each occasion when mentioned above, =0, =NOR , 
=NS(0)„N(R')(R'), =NCN or =C(H)N02; 
A'^ and A^ independently represent a single bond, -O- or -N(R^.°)-; 
10 Z- represents, on each occasion when mentioned above, =0, =NOR^, 
=NS(0)„N(R'°)(R') , =NCN or =C(H)N02; 

A^- and A^^ independently represent a single bond, -0- or -N(R^')-; and/or 
Z^ represents, on each occasion when mentioned above, =0, =NOR^\ 
=NS(0)„N(R^')(R' ') , =NCN or =C(H)N02. 

15 

Prefen-ed compounds of the invaation include those in which: 

1 7 

G' represents halo, cyano, -N3, -NOt or -A -R ; 

A'' and A^ independently represent a single bond, -C(0)-, -C(0)N(R )- or 
-C(0).0-; 

•20 Z^ represents =N0R', =NCN or, preferably, =0; 

represents cyano, -N3 or, more preferably, halo, -NO2 or -A^-R^; 
A^ represents -N(R'°)A^- or -0A^°-; 

A^ represents -C(0)N(R^°)-, -C(0)0- or, more preferably, a single bond or 
• -C(0)s 

25 A^° represents A^ and, preferably, a single bond; 

Z^ represents =NOR^ or =NCN or, more preferably, =0; 

G^ represents halo, -NO2 or -A^ ' -R" ; 

a" represents -N(R^-)- or -0-; 

Z^ represents =0; 
30 n represents 2; 
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when either of and R^" represent optionall3^ substituted C]-6 allc^d, the 
optional substituent is one or more halo groups; 

when either of R" and R^'' represent optionalli' substituted allc^'l, the 
optional substituent is one or more fluoro groups. 

5 

Prefen-ed compounds of the invention include those in -which R\ X and 
(when they -represent an an,'l or a heteroarjd group) R", R^, R"* and/or R^ 
represent an . optionally substituted phenyl, naphthyl, pinrolyl, furan}'!, 
thienyl, p3Tazolyl, imidazotyl (e.g 1-imidazolyl, 2-imidazolyl or 4- 

10 imidazolyl), oxazolyl, isoxazotyl, thiazotyl, p^^idyl (e.g. 2-p3Tdd3d, 3-. 
P3Tidyl or 4-pyiid3d), indazolyl, indolyl, indolin34, isoindolin3d, quinolinyl, 
1,2,3,4-tetrahydroquinolinyl, isoquinolinyl, 1,2,3,4-teh-ahydroisoquinolinyl,, . 
quinoHzinyl, benzofLiran3'l, isobenzofuran54, chromanyl, benzothienyl, 
P3Tidazi[i5d, p3'rimidinyl, pyrazin34, indazolyl, benzimidazolyl, - 

15 quinazolin34, quinoxalinyl, 1,3-benzodioxolyl, benzothiazolyl, and/or 
benzodioxan3''L, group. Other groups that may be mentioned include 
optionally substituted 5,6,7,8-tetrahydroquinolin3d, 5,6,7,8- 
tetrah3'droisoquinoliayl and tetrazotyl. 

20 Preferred values of R^ include optionally substituted phenyl, naphth3'l and 
pyrid3d. 

Preferred values of X include optionally substituted phensd and p3aid3d. 

25 Prefen-ed values of R", R^, R'' and R^, when any one represents an aryl or a 
heteroar3'l group, include optionally substituted phenyl and p3'iid3d. 



Optional substituents on such R\ X, R', R-\ R^ and R^ groups ai-e preferably 
selected from: 
30 cyano; 
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heterocycloalkyl, such as a 4 to 8 (e.g. 5 or 6) membered nitrogen- 
corLtaining heterocycloalks'l group optionally contaimng a fuither 
heteroatom (e.g. a nitrogen or oxygen heteroatom) and optionally 
substituted by one or more halo or C1.3 allcyl (e.g. methyl) group, so 
5 forming, for example, a pyiToHdinyl, piperidin^d, piperazinjd or 
morpholinid group; and, more preferably selected from: 
halo (e.g. fluoro, chloro orbromo); 
-NO2; 

C].6 allcyl, which alkyl group may be lineai- or branched (e.g. Cm alkyl 
10 (including methyl, ethyl, n-propyl, isopropyl, 77-butyl or ^-butyl), n-pentyl, 
isopent}^, /7-hexyl or isohexyl), cychc (e.g. cyclopropyl, C5'clobutyl, 
C5'clopentyl or cyclohexyl), part-cyclic (e.g. cyclopropyhnethyl), 
unsaturated (e.g. 1-propenyl, 2-propenyl, l-buten^d, 2-butenyl, 3-buten3d, 1- 
pentenyl, 2-pentenyl, 4-pentenyl or 5-hexenyl) and/or optionally substituted 
15 with one or more halo (e.g. fluoro) group (so forming, for exam.ple, 
fluoromethyl, difluoromethyl or trifluoromethyl); 
-OR^^; and 
-N(R'')R'^ 

wherein R^^ and R^^ independently represent, on each occasion when 
20 mentioned above, H or alkyl, such as methyl, ethyl, n-propyl, 
isopropyl, 71-butyl or ^-butyl (which alkyl groups are optionally substituted 
by one or more halo (e.g. fluoro) groups (so formiag, for • example, 
trifluoromethyl)). 

25 Preferred values of R^ include alicyl and, particularly, H. 

More preferred compounds include those in which: 

X represents an aryl group such as a phenyl gi-oup or a heteroaryl group 
such as a pyridyl gi'oup, both of which are optionally substituted by one or 
30 two A groups; 
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R> represents an dayl group such as a phenyl or naphthyl gi'oup or a 
heteroar3'l gi'oup such as a piTid^'l group, both of which are optionaUy 
substituted by one or tvi'o A groups; 

and R"* independently represent or, more preferably, hydrogen, an zs^'l 
5 gi-oup, such as a phenyl gi'Dup, or a heteroarjd group such as a pyridyl 
group, which latter tvi'o gi-oups are optionally substituted by one or two A 
gi-oups: 

at least one of and R"* represents optionaUy substituted arjd or heteroaryl, 

and up to one other represents or, more preferably, hydrogen; 
10 when R^ or R" represents an ar>'l or heteroaryl group, then the other. 

substituents on the essential benzene ring of the compound of formula I (i.e.- 
R^ and R^ or (as appropriate)) hidependently represent G^ (e.g. halo 

(such as chloro), cyano, methyl, methoxy, trifluoromethyl or ^ 

trifluoromethoxy) or, more preferably, hydrogen; 
15 A represents G^; ■- 

1 7 

represents halo (e.g. chloro), c^^ano or, more preferably, -NOo or -A -R ; ,: 
a' represents a single bond, -N(R^)A^- or -OA^-; 
A"* and A^ mdependently represent a single bond; 

R' and R^ are independently selected from hydrogen and Ci^ aJlcyl, which 
20 latter gi-oup is optionally substituted by one or more substituents selected 

from G^ 

G^ represents halo (especially fluoro). 

Especially preferred compounds of the hiventioB are wherein: 
25 X represents a phenyl gi'oup, substituted, for example in the 3- or, 
preferably, 4-position, by a single -A^-R' group. In such instances, A^ may 
represent -OA^-, in which A^ is as hereinbefore defined and preferably a 
single bond R'' may, in such mstauces, represent C1.4 aUc}^, such as an 
optionally branched propjd, so forming, for example, a 4-isopropoxyplienyl 
30 group. Alternatively, X may represent a pyridyl gi-oup (e.g. a 3-p3Tid3d 
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group), optionally substituted, for example at tiie meta- or, preferably, the 
pa7-a-position relative to the point of attachment of the X group to the indole 
ring, with a single -A^-R'' group. In such instances A' may represent -OA^- 
in which A^ is as hereinbefore defined and, preferably, is a single bond and 
5 represents Ci^ allcjd, such as an optionally branched prop^'l group, so 
fonning, for example a 6-isopropoxypyrid-3-yl or 3-pyrid3'l group; 
R^ represents hydrogen; 

R' represents a naphthyl group (e.g. 2-naphthyl), preferably unsubstituted, 
or a phenyl group, substituted by an -A'-R'' group and, optionally, a further 

10 -NO2 group. In such instances A^ may represent -OA^-, a single bond or 
-N(R^)A'*-, in which A'* and A^ are as herembefore delBned and are 
preferably single bonds. When A^ represents -OA^-, is preferably a 
allcyl group, such as an optionally branched propyl group or a methyl group, 
optionally substituted by one or more group, in wliich is preferably 

15 halo (especially fluoro). men A' represents a single bond, R' is preferably 
a C1.2 allcyl group, such as meth}^. Wh&n A^ represents -N(R^)A''-, R^ may 
represent H or C1.2 allg^l, such as methyl, and R' may represent Cm all^d, 
such as ethyl or, preferably, methyl or optionaUy branched propyl. Thus R^ 
may represent isopropoxyphenyl (e.g. 2-, 3- and 4-isopropoxyphenyl), 4- 

20 dimethylaminophenyl, 4-isopropylaminophenyl, 4-trifluoromethoxyphenyl 
or 4-mefhyl-3-nitrophenyl; 

alternatively, R' may represent a pyridyl (e.g. a 2-pyridyl or 3-pyrid34) 
group, optionally substituted, for example by an -A^-R' group. Li such 
instances, A^ may represent -OA^- or a single bond, in which is as 
25 hereinbefore defined and preferably a single bond. "When A' represents 
-OA^-, R' is preferably a Cm alkyl group, for example a C1.3 alkyl gi'oup 
such as an optionally branched propyl group. When A^ represents a single 
bond, R'' is preferably a d., allcyl group, such as methyl, optionaUy 
substituted by one or more gi'oup, in which G' is as hereinbefore defined 
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and preferably a fluoro group. Thus may also represent 5- 
trifluoromet±i3'lp3Tid-2-3d, 6-isopropox5'pyrid-3-yl or 3-pyridyl; 
R" represents H; 

represents H, phenyl or pj^idyL, which latter two groups ai-e optionally 
5 substituted. For example, the phenyl gi-oup may be substituted in the 3- or, 
preferably, 4-position, by a single -A'-R' group. In such instances. A' may 
represent a single bond or -OA'-, wherein A^ is preferably a single bond, 
and R' may represent Ci^ aUcjd, such as methyl or optionally branched 
butjd, optionally' substituted by one or more gi'Dups, in which is halo, 
10 such as fluoro. Thus R^ may represent 4-rer/-butylphenyl or 4- 
trifluoromethylphenyl; 

R'* represents H, phenyl or pjTidyl, which latter two groups axe optionaHy 
substituted. For example, the phenyl group may be substituted in the 3- or, 
preferably, 4-position, by a single -A^-R^ group. In such instances A^ may- 
15 represent 

-OA^-. in which A^ is a single bond and R' represents a Ci^ aUcy^ group, 
preferably a C1-3 aUcyl group, such as an" optionally branched propyl group, 
which aUcyl group is optionally substitiited by one or more groups, in 
which G^ is halo, such as fluoro. Thus R^^ may represent a 4- 
20 isopropoxyphenyl group; 
R^ represents H. 

Pai-ticularly preferred compounds of the invention include tiiose of the 
examples described hereinafter. 
25 ' " 

Compounds of the iuvention may be made in accordance witii techniques 
1hat are well known to those slciUed in the art, for example as described 
hereinafter. 
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According to a further aspect of the inveation there is provided a process Tor 
the preparation of a compound of formula I, which process comprises: 

(i) reaction of a compound of formula II, 




II 



R5 



wherein X, R^ R\ R^ and R^ are as hereinbefore defined, with a 
compound of formula m, 

10 

R^iJ m 

wherein represents a suitable leaving group such as chloro, bromo, iodo, 
a sulfonate group (e.g. -OS(0)2CF3, -OS(0)oCH3, -0S(0)2PhMe or a 

15 nonaflate) or -B(0H)2 and R^ is as hereinbefore delBned, for example 
optionally in the presence of an appropriate metal catalyst (or a salt or 
complex thereof) such as Cu, Cu(0Ac)2, Cul (or Cul/diamine complex), 
Pd(0Ac)2, Pd2(dba)3 or NiCl2 and an optional additive such as PhsP, 2,2'- 
bis(diphenylphQsphino)-l,r-binaphthyl, xantphos, Nal or an appropriate 

20 crown ether such as 18-crown-6-benzene, in the presence of an appropriate 
base such as NaH, EtjN, p3'Tidine, i^,iV-dimethyle1iiylenediamine, NanCOs, 
K2CO3, K3PO4, CS2CO3, ^-BuONa or f-BuOK (or a mixture thereof), in a 
suitable solvent (e.g. dichloromethane, dioxane, toluene, ethanol, 
isopropanol, dimethylfoimamide, ethylene glycol, ethylene glycol dimethyl 

25 ether, water, dimethylsulfoxide, acetonitrile, dimethylacetamide, N- 
methjdpyirohdiQone, tetrahydrofui-an or a mixture thereof) or in the absence 
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of an additional solvent when the reagent may itself act as a solvent (e.g. 
vi^hen represents phenyl and represents bromo, i.e. bromobenzene). 
This reaction may be carried out at room temperature or above (e.g. at a 
high temperature^ such as the reflux temperature of the solvent system that 
5 is emploj^ed) .or using microvi^ave hxadiation; 



(ii) reaction of a compound of formula IV, 




IV 



10 

whereiQ L\ R\ R", R^ R"^, R^ and R^ are as hereinbefore defined, with a 
compound of formula V, 

XL^ V 

15 

wherein L" represents a suitable lea^dng group such as chloro, bromo, iodo, 
-B(0H)2 or a protected derivative thereof, for example a 4,4,5,5- 
tetrametliyl-l,3,2-dioxaborolan-2-yl group, 9-borabicyclo[3.3.1]nonaue (9- 
BBN), -Sn(alicyl)3 (e.g. -SiiMes or -SnBua), or a similar gi-oup knovm to the 

20 skilled person, and X is as hereinbefore defined. The sldlled person will 
appreciate that and -wall be mutually compatible. This reaction may be 
performed, for example in the presence of a suitable catalyst S3'stem, .e.g. a 
metal (or a salt or complex thereof) such' as Cul, PdClo, Pd/C, Pd(0Ac)2, 
Pd(Ph3P)2Cl2, Pd(Ph3P)4, Pd2(dba)3 or NiCL and an additive such as ^-BugP, 

25 (CgHiOaP, PhsP, AsPhs, P(o-Tol)3, l,2-bis(diphenylphospl-mio)ethane, 
2,2'-bis(di-;er?-butylphosphino)- 1 , 1 '-biphenyl, 2,2'-bis(diphenylphosphino)- 
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. l,r-biiiaphthyl, l,r-bis(diphenylphosphinoferrocene), L3-bis(dipiien34- 
phosphiB0)propaiie or xanlphos, together with a suitable base such as, 
Na.COs, K3PO4, CS0CO3, KOH, NaOH, K2CO3, CsF, Et3N, (z-Pr),NEt, t- 
BuONa or f-BuOK (or mixtures thereof) in a suitable solvent such as 
5 dioxane, toluene, ethanol, dimethylfonnamide, eihylene glycol dimethyl 
ether, water, diraethylsulfoxide, acetonitrile, dimethylacetaimde, N- 
methylpyrrohdinone, tetrahydrofuran or mixtures thereof. The reaction may 
also be carried out for example at room temperature or above (e.g. at a high 
temperature such as the reflux temperature of the solvent system) or using 
10 microwave irradiation The skiUed person wUl appreciate that when or 
I? (of tiae compounds of formulae IV and V, respectively, represent halo, 
such compomids may first be activated by: 

(I) forming the corresponding Grignard reagent under standard 
conditions laiown to those sldlled in the art (e.g. employing 
1 5 magnesium or a suitable reagent such as a mixture of C1.6 alkyl-Mg- 

hahde and ZnCls or LiCl), followed by reaction with a compoimd of 
formula IV or V (as appropriate), optionally m the presence of a 
catalyst (e.g. FeCla) under conditions known to those skilled in the 
art; or 

20 (H) forming the corresponding Hthiated compound under halogen- 

lithium exchange reaction conditions known to those , skilled in the 
art (e.g. employing 77.-BuLi or t-BuU in the presence of a suitable 
solvent (e.g. a polar aprotic solvent, such as THF)), followed by 
reaction with a compound of formula IV or V (as appropriate) . 
25 The sldlled person will also appreciate that the magnesium of the Grignai;d 
reagent or the htbium of the lithiated species" may be exchanged for a 
different metal (i.e. a transmetallation reaction may be performed), for 
example to zinc (e.g. using ZnCl^) and the intermediate so formed may then 
be subjected to reaction with a compound of formula IV or V (as 
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appropriate) under conditions laaown to those sldlled in the art, for example 
such as those described above; 

(iii) reaction of a compound of formula VI, 




VI 



wherein represents or Lr as hereinbefore defined, which group is 
attached to one or more of the carbon atoms of the benzenoid ring of the 
10 indole, and the remaining positions of the benzenoid ring ai-e substituted 
wfh 1 to 3 (depending on the number of substituents) R^-R^ substituents,, 
. R--R^ represents any one of the substituents, i.e. R', R^, R^* and R^ that are 
ahead}' present in that ring (as appropriate), and X, R\ R^, R", R"^, R^ and R 
are as hereiubefore defined, with a compound of formula VII, 

15 

Ri'L^ vn 

wherein R'' represents R', R^ R' or R^ (as appropriate), and V represents 
(when is L^) or Lr (when is L^) as herehibefore defined. Such 
20 reactions may be peiibrmed for example under conditions such as those 
described herembefore in respect of process step (ii) above. 

Compounds of formula II may be prepai-ed by: 



25 



(a) reaction of a compound of formula VIII, 
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R2 U 




C(0)OR 



VIII 



wherein V, R^, R^ R'', R^ and R^ are as hereinbefore defined, 
wth a compound of formula V as hereinbefore defined, for 
example under conditions such as those described 
hereiabefore in respect of preparation of compounds of 
formula I (process step (ii)) above; 



10 



(b) reaction of a compound of formula IX, 



R2-R5 




C(0)OR' 



IX 



15 



wherein X, L^ R^-R^ and R^ are as hereinbefore defined with 
a compound of formula VH as hereinbefore defined, for 
example under conditions such as those described 
hereinbefore in respect of preparation of compounds of 
formula I (process step (iii)) above. 



20 



Compounds of formula IV may be prepared by: 

(a) reaction of a compound of formula VIII as hereinbefore 
defined with a compound of formula X, 



R^L^ 



X 
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wherein and L" are as hereiabefore defined, for example 
under conditions such as those described herein.before in 
respect of preparation of compounds of formula I (process 
step (ii)) above; 



10 



15 



(b) reaction of a compoimd -of formula 'SHU as hereimbefore 
defined with a compound of formula in as hereinbefore 
defined, for example under reaction conditions such as fhiose 
described hereinbefore in respect of preparation of compounds 
of formula I. (process step (i)); or 

(c) for compounds of formula IV wherein represents a 
sulfonate group, reaction of a compound of formula XI, 




C(0)OR' 



XI 



20 



wherein R^, R^, R", R^ and R^ are as hereinbefore defined, 
with an appropriate reagent for the conversion of the hydroxyl 
gi-oup to the sulfonate gi-oup (e.g. tosyl chloride, mes5'l 
chloride, triflic anhydride and the like) -under conditions 
known to those slciHed ia the art. 



Compounds of fonnula VI may be prepared by reaction of a compound of 
25 formula IX as hereinbefore defined, with a compound of formula EI as 
hereinbefore defined, for example under reaction conditions such as fliose 
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described hereinbefore in respect of prepai-ation of compounds of formula I 
(process step (i)). 

Compounds of formula \n. in which L represents L~ jmy be prepared by 
reaction of a compound of formula \^ in ^^^hich L represents L , with an 
appropriate reagent for the conversion of the group to the L" group. This 
conversion may be performed b}^ mediods Icnowu to those skilled in the ait, 
for example: 

i) compounds of formula VI, in which is 4,4,5,5-tetrameth3d- 1,3,2- 
dioxaborolan-2-yl may be prepared by reaction of the reagent 
bis(pinacolato)diboron with a compound of formula VI in which 
represents L\ for example rmder reaction conditions such as those 
described herembefore in respect of preparation of compounds of 
formula I (process step (ii)) above; 

ii) compounds of formula VI, in wliich represents -B(0H)2 may be 
prepared by reaction of a corresponding compound of formula VI in 
which jJ represents halo by reaction with, for example, boronic acid 
or a protected derivative • thereof (e.g. bis(pinacolato)diboron or 
triethyl borate) followed by (if necessary) deprotection under 
standard conditions. The sldlled person will appreciate that the 
compoxmd of formula VI in which represents halo may first need 
to be converted to the corresponding Grignai'd reagent, or another 
metal (e.g. via a tfansmetallation reaction), for example under 
conditions such as those .described in respect of preparation of 
compounds of formula I (process step (ii)) above; or 

(iii) compounds of formula VI in which L represents a halo gi'onp may 
be j)repared by reaction of a coixesponding compound of formula. VI 
in which represents a different halo group, for example emplo^^ing 
a suitable source of hahde ions such as those described hereinafter in 
respect of preparation of compounds of formula VIQ (process (a)) 



wo 2(105/123675 



PCT/GB2(K»5/(l(J2404 



29 

•under conditions kno^TO to those sldlled in the ait. For example, 
conversion of a bromo group to an iodo group may be perfonned in 
the presence of Nal, optionally in the presence of a suitable catalyst 
(e.g. Cul) and/or a catal3tic amount of base (e.g. A^" W.-dimeth^d- 1 ,2- 
5 diaminoethane) in the presence of a suitable solvent such as one 

described hereinbefore in respect of preparation of compounds of 
formula I (process step (i)). 

Conversions of the L\ V gi'oup and the gi^oup in the compounds of 

10 formulae IV, \ni and IX, respectively, may be performed in a similai- 
manner to that described above hi respect of converting the L"' group in- 
compoimds of formula 



Compounds of formula \ni[ may be prepared by standard techniques. For 
15 example: 

(a) compounds of formula Vm, wherein represents bromo or^ 
iodo, may be prepared by reaction of a compound of formula 




R5 



wherein R^, R'\ R"^, R^ and R^ are as hereinbefore defined, 
with a reagent, or mixtare of reagents known to be a source of 
25 bromide or iodide ions (e.g. 7\^-bromosucciniiTiide, iodine, or a 

mixture of Nal and N- chlorosuccinimi de) . This reaction may 
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be cairied out, for example, at room temperature in a suitable 
solvent (e.g. acetone or benzene); 

(b) hy reaction of a compound of formula XHI, 



R2-R5 




'^^C(0)OR^ 



XIII 



10 



wherein L\ L^ R'-R^ and R* are as hereinbefore defined mth 
a compound of formula VII as hereinbefore defined, for 
example under reaction conditions such as those described 
hereiribefore in respect of preparation of compounds of 
formula I (process step (iii)) above; or 



15 



(c) compounds of formula VIE, wherein represents a sulfonate 
group may be prepared by reaction of a compound of formula 
XIV, 




XIV 



20 



wherein Y, R", R^ R"^ and R^ are as hereinbefore defined, with 
an appropriate reagent for the conversion of the hydroxyl 
group to a sulfonate group as described hereinbefore. 
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Compounds of foimulae IE, V, \m, IX, X, XI, XE, Xm and XIV ai-e either 
commercially available, ai-e Ioiotah in the literature, or may be obtaiaed 
• either by analog}' with the processes described herein, or by conventional 
S3^nthetic procedures, in accordance \mih standard techniques, from 
5 available starting materials using appropriate reagents and reaction 
conditions. In this respect, the skilled person may refer to inte?- alia 
"Comprehensive Organic Smthesis" by B. M. Trost and I. Fleming, 
Pergamon Press, 1991. 



10 hidoles of formulae E, W, \nJI, JX, XI, XEI and XR^ may also be 
prepared "wdth reference to a standard heterocychc chemistry textbook (e.g. 
''Heterocyclic Chemistry" by J. A. Joule, K. Mills and G. F. Smith, 3"^ 
edition, pubhshed by Chapman & Hall or "Comprehensive Heterocyclic 
Chemistry IT' by A. R. Katritzkj^ C. W. Rees and E. F. V. Scriven, 

15 Pergamon Press, 1996) and/or made according to the following general 
procedures. 

For example, coropounds of formulae E, IX and XE may be prepai-ed by 
reaction of a compound of formula XV, 



20 



(X) 



SUB-H- 




C(0)OR^ 



XV 



wherein SUB represents the substitution pattern that is present in the 
compound of formula E, DC or XE to be formed, (X) either represents the 
25 substituent X as hereinbefore defined (as requhed for formation of 
compounds of fomiula E and IX) or hydrogen (as required for formation of 
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compounds of fonnula XE) and is as hereinbefore defined, under Fischer 
indole synthesis conditions known to the person sldlled in the art. 

Compounds of formula XII may alternatively be prepared by reaction of a 
5 compound of formula XVI, 



R2 O 




XVI 



wherein R^, R\ R" and R^ are as hereinbefore defined with a compound of 
10 formula XVII, 

N3CH2C(0)OR^ XVIL 

wherein R^ is as hereinbefore defined, and preferably does not represent 
15 hydrogen, under conditions known to the person skilled in the art (i.e. 
conditions to induce a condensation reaction, followed by a thermally 
induced cyclisation). 

Compounds of formulae XI and XTV may be prepared by reaction of a 
20 compound of formula XVHI, 




XVIII 
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wherein R'' represents a Cu6 aDcj'l group, R^' represents either R^ as 
hereinbefore defined (as required for fonnation of compounds of formula 
XI) or hydrogen (as required for formation of compounds of formula XTvOj 
5 or a nitrogen-protected derivative thereof, and R^, R^ R", R"" and R" ai-e as 
hereiabefore defimed for example under cyclisation conditions kno-woi to 
those sldlled in the art. 

Compounds of formula 11 and IX may alternatively be prepared by reaction 
10 of a compound of formula XEX, 

O 



SUB 




XIX 



C(0)OR^ 



wherein Q represents either -C(0)- or -CH2- and SUB, X and R" are as 
hereinbefore defined. Wh&n Q represents -C(0)-, the intramolecular 

15 cychsation may be induced by a reducing agent such as TiCla/CgK, 
TiCU/Zn or Srola under conditions known to the skilled person, for 
example, at room temperature in the presence of a polar aprotic solvent 
(such as THF). When Q represents -CH2-, the reaction may be performed in 
the presence of base under intramolecular condensation reaction conditions 

20 known to the sldlled person. 



Compounds of formula XV may be prepared by: 



(a) reaction of a compound of formula XX, 
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SUB-H- 



XX 



■N' 
H 



,NH, 



wherein SUB is as hereinbefore defined with a compound of 
formula XXI, 



(■X) 




C(0)OR^ 



XXI 



10 



whereia (X) and are as hereinbefore defined under 
condensation conditions Icnown to the sldUed person; or 

(b) reaction of a compound of formiiia XXII, 



SUB- 



XXII 



15 



wherein SUB is as hereinbefore defined with a compound of 
formula XXDI, 



(X) 



C(0)0R' 



XXlll 
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wlierem R." represents OH, O-Ci.6 allc)/! or C,.6 alkyl and (X) 
and ai-e as hereinbefore defined, for example under Japp- 
Klingemann conditions kno\'i'n to the sldlled person. 

5 Compounds of foimulae X\^, X\m, XVIH, XLX, XX„ XXI, XXH and 
XXm are either commercially available, are Icnown in the literature, or may 
be obtaiued either by analogy with the processes described herein, or by 
conventional synthetic procedures, in accordance with standard techniques, 
from available starting materials using appropriate reagents and reaction 
10 conditions. In this respect, the slciUed person may refer to iyitei- alia 
"Comprehensive Organic Synthesis" by B. M. Trost and I. Fleming, 
Pergamon Press, 1991 . 

The substituents X, R\ R", R^ R^ R' and R^ in final compounds of the 
15 invention or relevant intermediates may be modified one or more times, 
after or during the processes described above by way of methods that are 
well know to those skilled in the art. Examples of such methods ixiclude 
substitutions, reductions, oxidations, alkylations, hydrolyses, esterifications, 
and etherifications. The precursor groups can be changed to a different 

0 such gi-oup, or to the groups defined in formula I, at any time during the 
reaction sequence. For example, in cases where R^ does not initially 
represent hydi'ogen (so providing an ester fimctional group), the skilled 
person wiU appreciate that at any stage during the synthesis (e.g. the final 
step), the relevant substituent may be hydrolysed to form a carbox3'lic acid 

5 functional gi'oup (in which case R^ will be hydi-ogen). In this respect, the 
sldlled person may also refer to "Comprehensive Organic Functional Group 
Transformations'' by A. R. Katritzk}', O. Is^lelh-Cohn and C. W. Rees, 
Pergamon Press, 1 995 . 
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Compounds of the invention may be isolated from their reaction mixtures 
using conventional techniques. 

It will be appreciated by those skilled in the art that, in the processes 
5 described above and hereinafter, the functional groups of intermediate 
compounds may need to be protected by protecting groups. 

The protection and deprotection of fimctional groups may take place before 
or after a reaction in the above-mentioned schemes. 

10 

Protecting groups may be removed in accordance with techniques that are 
well known to those skilled in the art and as described hereinafter. For 
example, protected compounds/intermediates described herein may be 
converted chemically to unprotected compounds using standard 
1 5 deprotection techniques . 

The type of chemistry involved will dictate tiie need, and type, of protecting 
groups as well as tiie sequence for accomplishing the synthesis. 

20 The use of protecting groups is fully described in "Protective Groins in 
Organic Chemistry", edited by J W F McOmie, Plenum Press (1973), and 
"Protective Groups in Organic Synthesis", 3"^ edition, T.W. Greene & 
P.G.M. Wutz, Wiley-Interscience (1999). 

25 Medical and Pharmaceutical Uses 

Compounds of the invention are indicated as pharmaceuticals. According 
to a further aspect of the invention there is provided a compound of the 
invention for use as a pharmaceutical. 

30 
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Alfhough compounds of the invention may possess pharmacological activity' 
as such, certain phannaceutically- acceptable (e.g. "protected") derivatives 
of compounds of the invention may exist or be prepared which may not 
possess such activit}', but may be administered parenterall5' or orally' and 
5 thereafter be metabolised in the body to form compomds of the invention. 
Such compounds (which may possess some pharmacological activity, 
provided that such activitj' is appreciably lower than that of the "active" 
compounds to which they are metaboHsed) may therefore be described as 
"prodrugs" of compounds of the invention. 

10 

By "prodrug of a compound of the iavention", we iaclude compounds that 
form a compound of the invention, ia an experimaitaUy-detectable amount, - .. 
within a predetenruned time (e.g. about 1 hour), foUowiag oral or parenteral :- 
administration. All prodrugs of the compounds of the invention are- 
1 5 included within the scope of the iuvention. *- 

Furthermore, certain compounds of the invention (includiag, but not linaited- 
to, compounds of formula I in which is other than hydrogen) may 
possess no or minimal pharmacological acti^dty as such, but may be 

20 administered parenterally or orally, and thereafter be metabolised ia the 
body to form compounds of the invention that possess phaimacological 
activity as such (including, but not limited to, coiresponding compounds of 
formula I, in which represents hydrogen). Such compounds (which also 
includes compounds that may possess some pharmacological activity, but 

25 that activity is appreciably lower than that of the "active" compoimds of the 
invention to which they are metabolised), may also be described as 
"prodrugs". 

Thus, the compounds of the invention are useful because they possess 
30 pharmacological activity, and/or are metabolised in the body following oral 
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15 



or parenteral administration to form compounds whick possess 
pharmacological activity. 

Compounds of the invention are particularly usefiil because they may 
inhibit (for example selectively) the activit}^ of prostaglandin E s^oithases 
(and particularly microsomal prostaglandin E synthase- 1 (mPGES-1)), i.e. 
they prevent the action of mPGES-1 or a complex of which the mPGES-1 
enz^one forms a part, and/or may ehdt a mPGES-1 modulating effect, for 
example as may be demonstrated in the test described below. Compounds 
of the invention may thus be useful in the treatment of those conditions in 
which mhibition of a PGES, and particularly mPGES-1, is required. 

Compounds of the mvention may inhibit the activity of leukotiiene C, 
(LTC4), for example as may be shown in a test such as that described m 
Eur. J. Biochem., 208, 725-734 (1992), and may thus be useful in the 
treatinent of those conditions in which inhibition of LTC4 is reqmred. 
Compounds of the invention may also inhibit the activity of 5-hpoxygenase- 
activatmg protein (FLAP), for example as may be shown in a test such as 
that described in AfoZ. Pharmacol, 41, 873-879 (1992). 

Compounds of the invention are thus expected to be useful m the treatment 
of inflammation. 

The term "inflammation" will be understood by those skilled in die art to 
25 include any condition characterised by a locaUsed or a systemic protective 
response, which may be ehcited by physical trauma, infection, chi-onic 
diseases, such as those mentioned hereinbefore, and'or chemical and/or 
physiological reactions to external stimuli (e.g. as part of an allergic 
response). Any such response, which may serve to desti-oy, dilute or 
30 sequester both the injurious agent and the injured tissue, may be manifest 



20 
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by, for example, heat, swelling, pain, redness, dilation of blood vessels 
and/or increased blood flow, invasion of the affected area by white blood 
cells, loss of function and/or any other s3Tnptoms known to be associated 
with inflammator}' conditions. 

5 

The term "ioflammation" will thus also be understood to include any 
inflammatory disease, disorder or condition per se, any condition that has 
an inflammator}' component associated mth it, and/or any condition 
characterised by iaflainmation as a sionptom, includrag inter alia acute, 
10 chronic, ulcerative, specific, allergic and necrotic inflammation, and other- 
forms of inflammation knoAvn to those sldlled in the art. The term thus also 
iucludes, for the purposes of this invention, inflammatoiy pain, pain, 
generally and/or fever. 

15 Accordingly, compounds of the iavention may be useful in the treatment of 
inflammatory bowel disease, irritable bowel syndrome, migi-aiue, headache, - 
low back pain, fibromyalgia, myofascial disorders, viral infections (e.o-,v. 
hepatitis C and, particularly, influenza, common cold, herpes zoster, and 
AIDS), bacterial infections, fungal infections, dysmenorrhea, bums, sm-gical 

20 or dental procedui-es, mahgnancies {e.g. breast cancer, colon cancer, and 
prostate cancer), atherosclerosis, gout, arthritis, osteoarthritis, jm^enile 
arthritis, rheumatoid arthritis, fevei- (e.g. rheumatic fever), anki'losuag 
spondyhtis, systemic lupus erythematosus, vascuhtis, pancreatitis, nephritis, 
bursitis, conjunctivitis, uitis, scleritis, uveitis, wound healing, . dermatitis, 

25 eczema, psoriasis, stroke, diabetes melHtus, neurodegenerative disorders 
such as Alzheimer's disease and multiple sclerosis, autoinnnune diseases, 
osteoporosis, asthma, chronic obstructive pulmonary disease, puhnonary 
fibrosis, allergic disorders, rhinitis, ulcers, coronary heait disease, 
sarcoidosis and any other disease with an inflammatoiy component. Other 

30 diseases that may be mentioned mclude inflammatory pain. 
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hypeiprostaglandin E syndrome, classic Bartter syndrome. Hodgkin's 
disease and persistent ductus (PDA). 

Compounds of tiie invention may also have effects that are not linked to 
5 inflammatori' mechanisms, such as in the reduction of bone loss in a 

sub ject. Conditions that may be mentioned in this regard include 
. osteoporosis, osteoarthritis, Paget's disease and/or periodontal diseases. 

Compounds the invention may thus also be useful in increasing bone 

mineral density, as well as the reduction in incidence and/or healmg of 
10 fractures, m subjects. 

Compounds of the invention are indicated both in the therapeutic and/or 
prophylactic treatment of tlie above-mentioned conditions. 

15 According to a forther aspect of the present mvention, there is provided a 
method of heatment of a disease which is associated with, and/or which can 
be modulated by inhibition of LTC4, FLAP and/or, preferably, a PGES 
(such as mPGES-1), and/or a method of treatment of a disease in which 
inhibition of the activity of LTC4, FLAP and/or, preferably, a PGES (and 

20 particulaily mPGES-1) is deshed and/or required (e.g. uiQammation), 
which method comprises administration of a therapeuticaUy effective 
amount of a compomid of the invention, as hereinbefore defined, to a 
patient suffering from, or susceptible to, such a condition. 

25 "Patients" include mammahan (iacluding human) patients. 

The term "effective amount" refers to an amoimt of a compound, whi-ch 
confers a therapeutic effect on the treated patient. The effect may be 
objective (i.e. measm-able by some test or marker) or subjective (i.e. the 
30 subject gives an indication of or feels an effect). 
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Compounds of the mvention will normally be ad m i ni stered orall5^, 
iiitra^'enously, subcutaneously, buccally, rectally, dermally, nasally, 
tracbeaDy, bronchiaUy, sublingually, by any other parenteral route or via 
5 inhalation, in a pharmaceuticaUy acceptable dosage form. 

Compounds of the invention may be administered alone, but are preferably 
administered by way of Icnown pharmaceutical formulations, including 
tablets, capsules or elbirrs for oral admimstration, suppositories for rectal 
10 administration, sterile solutions or suspensions for parenteral or 
intramuscular administration, and the KLce. 

Such formulations may be prepared in accordance with standard and/or. 
accepted pharmaceutical practice. 

15 

According to a ftirther aspect of the invention there is thus provided a 
pharmaceutical formulation including a compound of the inventiorL, .as 
hereinbefore defined, in admislure with a phaimaceutically acceptable 
adjuvant, diluent or carrier. 

20 

Compounds of the invention may also be combined with other therapeutic 
agents that are useful in the treatment of inflammation (e.g. NSAIDs and 
coxibs). 

25 According to a faither aspect of the invention, there is provided a 
combination product comprising: 

(A) a compound of the invention, as hereinbefore defined; and 

(B) another therapeutic agent that is useful in the treatment of 
inflammation. 
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wherein each of components (A) and (B) is formulated in adnuxture with a 
phannaceutically-acceptable adjuvant, diluent or carrier. 

Such combination products provide for the admmistration of a compound of 
the invention in conjunction with the other therapeutic agent, and may thus 
be presented either as separate formulations, wherein at least one of those 



formulations comprises a compound of the invention, and at least one 
comprises the other therapeutic' agent, or may be presented (i.e. formulated) 
as a combined preparation (i.e. presented as a single fomiulation including a 
1 0 compound of the iavention and the other therapeutic agent) . 

Thus, there is fiirther provided: 

(1) a pharmaceutical formulation including a compound of the hivention, as 
15 hereinbefore defmed, another therapeutic agent that is useful in the 

treatment of mflammation, and a phaimaceutically-acceptable adjuvant, 
diluent or carrier; and 

(2) a kit of parts comprising components: 

20 (a) a pharmaceutical formulation includmg a compound of the mvention, 
as hereinbefore defined, in admixtui-e ^Hl a pharmaceutically- 
acceptable adjuvant, diluent. or carrier; and 
(b) a pharmaceutical formulation including another therapeutic agent 
that is useful m the treatment of inflammation ia admixture with a 
25 pharmaceutically-acceptable adjuvant, diluent or carrier, 

which components (a) and (b) .ai-e each pro^dded in a form that is suitable 
for administration in conjunctioii with the other. 

Compounds of the invention may be administered at vaiying doses. Oral, 
30 puhnonary and topical dosages may range firom between about 0.01 mg/kg 
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of body weight per day (mgAcg/day) to about 100 mg/lcg/day, preferably' 
about 0.01 to about 10 mg/kg/day, and more preferably about 0.1 to about 
5.0 mg/lcg/day. For e.g. oral administration, the compositions typically 
contain betvi^een about 0.01 mg to about 500 mg, and preferably betv^'een 
5 about 1 mg to about 100 mg, of the active ingredient. Intravenously, the 
most prefen-ed doses will range from about 0.001 to about 10 mg/kg/hour 
during constaat rate infusion. Advantageously, compounds may be 
administered in a single daily dose, or the total daily dosage may be 
administered in divided doses of tvi'o, three or four times daily. 

10 

In any event, the phy^sician, or the sldlled person, will be able to determine 
the actual dosage which wiU be most suitable for an indi%ddual patient,, 
which is likely to vary wth the route of a dminis tration, the type and 
severity' of the condition that is to be treated, as weU as the species, age,;- 
15 weight, sex, renal fimction, hepatic function and response of the particular 
patient to be treated. The above-mentioned dosages are exemplary of the 
average case; there can, of course, be indi\'idual instances where higher or 
" lower dosage ranges are merited, and such are within the scope of this 
invention. 

20 

Compounds of the invention may ha^^e the ad^^antage that they are effective, 
and preferably selective, inhibitors of prostaglandin E synthases (PGES) 
and particulai-ly microsomal prostaglandin E symthase-l (mPGES-1). The 
compounds of the invention may reduce the. formation of the specific 
25 arachidonic acid metabolite PGE2 without reducing the formation of otiier 
COX genei-ated ai-achidonic acid metabolites, and thus may not give rise to 
the associated side-effects mentioned hereinbefore. 

Compounds of the invention may also have tiie advantage that they may be 
30 more efficacious liian, be less toxic than, be longer acting than, be more 
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potent than, produce fewer side effects than, be more easily absorbed than, 
and/or have a better pharmacolanetic profile (e.g. higher oral bioavailabihty 
and/or lower clearance) than, and/or have other useful phannacological, 
phj'sical, or chemical properties over, compounds kno-wn in the prior art, 
5 whether for use ui the above-stated iudications or otherviase. 



Biological Test 

In the assay human mPGES-l catalyses the reaction where the substrate 
PGH2 is converted to PGEa- mPGES-1 is expressed m E. coli and the 

10 membrane fraction is dissolved in 20mM NaPi-bufier pH S.O and stored at 
-80 °C. In the assay human mPGES-l is dissolved in 0.1 M KPi-buffer pH 
7.35 with 2.5 roM glutathione. The stop solution consists of H2O / MeCN 
(7/3), containing FeCl. (25 mM) and HCl (0.15 M). The assay is performed 
at room temperature in 96-weU plates. Analysis of the amount of PGE2 is 

15 performed with reversed phase HPLC (Waters 2795 equipped wth a 3.9 x 
150 mm CI 8 colunm). The mobile phase consists of H2O / MeCN (7/3), 
containing TFA (0.056%), and absorbance is measured at 195 nm with a 
Waters 2487 UV-detector. 

The following is added chronologically to each well: 
20 1. 100 M-L human mPGES-1 in KPi-buffei- with glutathione. Total 
proteiQ concentration: 0.02 mg/mL. 

2. 1 M-L inhibitor in DMSO. Incubation of the plate at room temperature 
for 25 minutes. 

3. 4 nL of a 0.25 mM PGH2 solution. Incubation of the plate at room 
25 temperature for 60 seconds. 

4. 100 |J,L stop solution. 

1 80 pL per sample is analyzed with HPLC. 
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Examples 



10 



15 



20 



The mvention is iJlustrated by way of the followmg examples, in which the 
following abbreviations may be employed: 



cy 
dba 

DIBAL 
DlSlAP 

DMSO 

EtOAc 

HPLC 

MeCN 

MS 

NMR 

TFA 

THF 

xantphos 



C3^clohex3d 
dibenzj'Hdeneacetone 
diisobut54aluimiiium hydride 
4,4- dimeth^^aroinopyri dine 

dimethylformamide 
dimethylsulfoxide 
ethyl acetate 

High Pressure Liquid Chromatogi-aphy 

acetonitiile 

mass spectrum 

nucleai' magnetic resonance 

trifluoroacetic acid 

tetrahydrofuran 

9,9-dimethyl-4,5-bis(diphenylphosphino)- 
xanthene 



Staiting materials and chemical reagents specified in the s^^ntheses 
described below are commercially available from, e.g. Sigma- Aldiich Fine 
Chemicals. 



25 
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Example 1 

5-r4-fe??-BuMDheiivlV1.3-bisr4-isoproDQxvp 1ieiivlViiidole-2-carboxvlic 
acid 



5 (a) 5-r4-te7'r-ButvlpheDvDijidole-2-carboxvlic a cid ethvl ester 

A mixture of 5-bromoiiidole-2-carbox3^1ic acid ethyl e ster (3.48 g, 13 
. mmol), 4-iert-butylphenylboroiiLC acid (4.63 g, 26 mmol), K3PO4 (9.93 g, 
45 mmol), Pd(0Ac)2 (146 mg, 0.65 mmol), tri-o-tolylpkosphine (396 mg, 
1 .3 mmol), EtOH (20 ml) aad toluene (10 mL) was stirred under argon for 
10 20 mill at room temperature, and then heated at 100°C for 24 b. The 
mixture was allowed to cool, poured iato NaHCOs (aq., sat.) and extracted 
with EtOAc. The combined extracts were washed with water and brine and 
then dried over Na2S04. Concentration and purification by chromatography 
gave the sub-title compound (3.27 g, 78%). 

15 

(b) 5-r4-te7-/'-But^4phenvl)-3-iodoindnle-2-carboy vlic acid ethvl ester 
This reaction was performed with the exclusion of light. A solution of Nal 
(300mg, 2.0 mmol) in acetone (15 mL) was added di-opwise to a stirred 
solution of 7\''-clilorosuccinimide (270 mg, 2.0 mmol) m acetone (4 mL), 

20 followed, after 15 min, by tiie di-opwise addition of 5-(4-tert- 
butylphenyl)indole-2-carboxylic acid ethyl ester (650mg, 2.0 .mmol; see 
step (a) above) ia acetone (20 mL). After 30 min at room temperature the 
mixtiire was poured into NaiSzOa (aq., 10%, 40 mL) and extracted with 
BtOAc. The combined extracts were washed with water and brine and then 

25 dried over NaoSO^. The organic phase was then concentrated and purified 
by chromatography to give the sub-title compound. This product was 
employed ia the subsequent steps without fiirther purification. 
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(c) 5-(4-^e7-^Bun^^pbe^vlV3-f4-isQproDOX^ 'phenvn-iDdo^P-2-cal-boxvlic acid 
etby] ester 

5_(4_ie;-r-But3'lphenyl)-3-iodomdole-2-carboxylic acid efliyl ester (146 mg, 
0.32 mmol; see step (b) above), 4-isopropox3'phenylbororiic acid (86 mg, 

5 0.48 mmol), K3PO4 (238 mg, 1 .12 mmol), Pd(0Ac)2 (3.6 mg, 0.01 6 mmol) 
and toluene (3 mL) was stiired for 20 miii at room temperature and for 4 h 
at 80°C. Hie mixture was poured into NaHCOa (aq., sat.) and extracted 
with EtOAc. The combined extracts were washed mth water and brine and 
then dried over Na2S04. Concentration and purification by colimm 

10 chromatography gave the sub-title compound. 

(d) ■5-f4-tert-Bufvlphenvn-]-3-bisr4-i5opronox\T3he nvlVindole-2-carb-- 

ox^dic acid ethyl ester 

Anhydrous CH2CI2 (15 mL), foUowed by triethi^amine (490 \xL, 352 mg,::' 
15 3.48 mmol), p3iidine (280 i^L, 275 mg, 3.48 mmol) and 3 A molecular 
sieves (ca. 2 g) were added to 5-(4-iert-butylphenyl)-3-(4-isopropoxy-,- 
phen54)indole-2-carboxyhc acid eth}^ ester (793 mg, 1.74 mmol; see step 
(c) above), Cu(0Ac)2 (632 mg, 3.48 mmol), and 4- 
isopropoxyphenylboronic acid (626 mg, 3.48 mmol). The mixture was 
20 stirred ^dgorously at ambient temperature for 30 h and was then filtered 
thi-ough Cehte®. The filter cake was washed with EtOAc, concentrated and 
purified by chi-omatogi-aphy to afford the sub-title compound. 

(e) 5-r4-rer/-But^HnhemdV .1 . 3-bis(4-isouropox^n3h envlVindole-2-caL-b- 
25 oxvlic acid 

A mixture of 5-(4-rert-but3dphenyl)-L3-bis(4-isopropoxyphenyl)-indole-2- 
carboxyHc acid ethyl ester (166 mg, 0.281 mmol; see step (d) above), 
aqueous NaOH (IM, 10 mL) and MeCN (40 mL) was heated at reflux for 4 
li, allowed to cool, acidified with IM .HCl to pH 2 and extracted with 
30 EtOAc. The combined exti-acts were washed wdfh water and brine and then 
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dried over Na2S04. Conceatration, purification by chromatography, aad 
successive recrs'stallisations from EtOH and then MeCN gave the title 
compound. 

200 MHz ^H-NMR (DMSO-dg, ppm) 5 13.1-12.5 (IH, br s), 7.69 (IH, s), 
5 7.59-7.37 (7H, m), 7.36-7.25 (2H, m), 7.19-7.11 (IH, m), 7.10-6.94 (4H, 
m), 4.67 (IH, septet, J=6.1 Hz), 4.65 (IH, septet J=6.1 Hz), 1.31 (6H, d, ■ 
J=6.1 Hz), 130 (6H, 4 J=6.1 Hz), 1.27 (9H, s). 

Exam ple 2 

10 5-r4-^erf-But\^ 1 pbenvn-l-r3-i ^npmpoxv phenvn-3-f4-isopropoxvphenvl)- 

mdole-2-carbox^4ic acid 
• Tbe title compound was prepared in accordance with Example 1, using 5- 
bromoindole-2-carboxylic acid ethyl ester, 4-ter^but54pbenylboronic acid, 
4-isopropoxyphenylboromc acid, andS-isopropoxyphenylboronic acid. 
15 200 MHz 'H-NMR (DMSO-de, ppm) 5 12.9-12.8 (IH, br s), 7.72-7.70 (IH, 
m), 7,62-7.35 (8H, m), 7.30-7.21 (IH, m), 7.07-6.90 (5H, m), 4.77-4.55 
(2H,m), 1.38-1.23 (21H,m). 

F.x am ple 3 

20 5-r4-;?firf-ButvlrbPnvn-1 -r2-iso pmpn>:v phenvn-3-f 4-isopropoxyphenYl)- 
■indole-2-caTbnxvlic acid 

The titie compound was prepai'ed in accordance with Example 1, using 5- 
bromoindole-2-carboxylic acid ethyl ester, 4-tert-butylphenylboromc acid, 
4-isopropoxyphenylboromc acid and 2-isopropoxyphenylboronic acid. 
25 200 MHz 'H-NMR (DMSO-de, ppm) 5 12.5-12.4 (IH, br s), 7.65 (IH, s), 
7.58-7.33 (9H, m), 7.24-6.93 (5H, m), 4.66 (IH, septet, J=6.0 Hz), 4.46 
(IH, septet, J=6.0 Hz), 1.31 (6H, d, J=6.0 Hz), 1.28 (9H, s), 1.10 (3H, d, 
J=6.0 Hz), 1.02 (3H, d, J=6.0 Hz). 



30 
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Example 4 

5-('4-/er^BundpheDvlV3-f4-iso^^ropoy^T'he^v^'>-^-^^-^trifLuoromethvl)- 

p^Tid-2-vlUndQle-2-carl->oxvlic acid 

5 (a) 5-f4-;;ey'^BuMphenvlV3-^44soprQPOX^^3beIlvl)-l-f5-(1IifluoromethvlV 
pvrid-2-vl)iDdole-2-carboxvlic acid ethvl ester 

Cul (7.6 mg, 40 nmol), i\^,7\''-dime1i3d-l,2-diariiiiioethane (13 \xL, 120 mnol) 
and toluene (0.5 mL) were added to a mixture of 5-(4-j;e7'/-but34p]ienyl)-3-(4- 
isopropox3'plien54)indole-2-carboxylic acid eth}^ ester (182 mg, 400 mnol; 

10 see Example 1(c)), 2-bromo-5-(trifluoromethyl)p3Tidine (181 mg, 800 mmol), 
K3PO4 (196 mg, 800 nmol) and toluene (2 mL) under argon. The mbctm-e 
was heated at 110°C for 27 h. Additional portions of Cul (7.6 mg, 40 rmiDl) 
and-A^A''-dimetii3'l-I,2-diamiaoethane (13 \xL, 120 nmol) were added and the 
beatiag was continued for a further 22 h. The mi?:tm-e was filtered through 

15 Celite® and the fdter cake was washed A'.dth EtOAc. The filtrate was 
concentrated and purified by chromatography to give the sub-title compound 
(66 mg, 28%). 

• (b) 5-r4-fer^But^dphenvl)-3-r4-isopropoxvphenvlV l-(5-rtrifluoro^lethvn- 

20 pvrid-2-vl')indole-2-carboxvhc acid • 

The title compound was prepai-ed by hydi'olysis of 5-(4-te7-/-butylphen3d)-3- 
(4-isopropoxyphenyl)-l-(5-(trrfluorometh3'l)p)aid-2-5d)indole-2-carboxyhc 
acid ethyl ester (see step (a) above) in accordance with the procedure 
described in Example 1 (e). 

25 • 200 ]\dHz 'H-NMR (DMSO-dg, ppm) 5 13.2-13.0 (IH, br s), 9.03 (IH, s), 
8.47 (IH, dd, J=8.6, 2.2 Hz), 7.90 (IH, d, J=8.6 Hz), 7.75-7.65 (3H, m), 
7.60-7.40 (6H, m), 7.09-6.98 (2H, m), 4.68 (IH, septet, J=6.0 Hz), 1.31 
(6H,d,J=6.0Hz), 1.28(9H,s). 

30 
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Example 5 

<-^A-.^w-Ri.tylphf^nv1Vl-rA-rHi^PthvlRmmo^Dh pnvn-Vf4-isopropox\n3h^ 
y1)i-ndole-2-carboxvlic acid 

The title compound was prepared in accordance with Example 4, using 5- 
5 bromoiiidole-2-cai-boxyUc acid ethyl ester, 4-«ert-butylphenylboromc acid, 
4-isopropox5'phenylboroiuc acid, and l-bromo-4-(diinethylamino)ben2ene. 
200 MHz 'H-NMR (DMSO-ds, ppm) 5 12.9-12.8 (IH, br s), 7.78 (IH, s), 
7.66-7.45 (7H, m), 7.35-7.19 (3H, m), 7.14-7.02 (2H, m), 6.99-6.85 (2H, 
m), 4.74 (IH, septet, J=6.0 Hz), 3.06 (6H, s), 1.39 (6H, d, J=6.0 Hz), 1.37 
10 (9H,s). 



Example 6 

^_^A-..w-T^.ifv1 phe.nvIV3-r4-iso-m-nrn . - ,ThrTiw1) 1-r4-fi^opropYlaTnino)- 

phPin ynindole-2 - carhny vlic acid 
15 The title compound was prepared in accordance with Example 4, using 5- 
bromoindole-2-carboxyhc acid ethyl ester, 4-^ert-butylphenylboromc acid, 
4-isopropox3'plienylboronic acid, and l-bromo-4-(isopropylamiaio)- 
benzene. 

200 MHz *H-NMR (DMSO-de, ppm) 5 7.70 (IH, s), 7.62-7.36 (7H, m), 
20 7. 19-7.05 (3H, m), 7.04-6.92 (2H, m), 6.70-6.58 (2H, m), 5.8-5.6 (IH, br s), 
4.65 (IH, septet, J=6.1 Hz), 3.65-3.47 (IH, m), 1.30 (6H, d, J=6.1 Hz), 1.28 
(9H, s),1.17(6H,d,J=6.3Hz). 

F.-yam ple 6A 

25' ^-f/U/^7^-ButvlDhp"^^1^-3-r4-i.sot)r opoxA n ^heny l)-l-M -riso propYl^mino)- 
phP.Tivl )indole-2-carbnyv1ic aci d bvdrochloride 

4M HCl in dioxane (1.5 eq.) was added to 5-(4-^err-butylplienyl)-3-(4- 
isopropoxyphenyl)-l-(4-(isopropylamino)phen3d)indole-2-cai-boxyUc acid 
(0.1 mmoymL; see Example 6) in anhydrous Et,0. The solvent was 
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removed under reduced pressure and the residue triturated wth anhydrous 
EtsO. The sohd was collected by filtration and diied in vacuo. 
200 l\fflz 'H-NlN-CR (DMSO-dfi, ppm) 5 7.69 (IH, s), 7.64-6.94 (14H, m), 
4.66 (IH, septet J=6.1 Hz), 3.54-3.55 (IH, m), 1.30 (6H, d, J=6.1 Hz),. 1.28 
5 (9H,s),1.22(6H,d,J=6.3Hz). 

Example 7 

5-r4-ter^But^dphp■nvn-3-r4-isnpTopQx^^3^ eDvlVl-r6-isoDropoxvpwid-3- 

yl')iQdole.-2-carbox^dic acid 
10 The title compound was prepared in accordance with Example 4, using 5- 

bromoindole-2-carboxylic acid ethyl ester, 4-ie7'/-butylphenylboronic acid, 

4-isopropoxyphenylboromc acid, and 5-bromo-2-isopropox3'p3Tidine. 

200 MHz ^H-me. (DMSO-dg, ppm) 5 13.0-12.8 (IH, br s), 8.23 (IH, d^^ 

J=2.7 Hz), 7.79 (IH, dd, J=8.7, 2.7 Hz), 7.68 (IH, s), 7.58-7.37 (7H, m),. 
15 7.14 (IH, d, J=8.7 Hz), 7.04-6.94 (2H, m), 6.89 (IH, d, J=8.8 Hz), 5.25 (IH, 

septet, J=6.2 Hz), 4.65 (IH, septet, J=6.0 Hz), 1.34 (6H, d, J=6.2 Hz), 1.30. 

(6H, d, J=6.0 Hz), 1.28 (9H, s). 

Example 7A 

20 5-^4-^er^Bun^1^^1lenvlV3-r4-^isopropox ^^3henvn-l-r6-isouropoxvpvrid-3- 
YT^indole-2-carbnxvlic aci rl hydrochloiide 

The title compound was prepared in accordance with Example 6A from 5- 
(4-?;e7-f-Butylphenyl)-3-(4-isopropoxyphen34)-l-(6-isopropoxypyrid-3-34)- 

indole-2-carbox34ic acid (see Example 7). 
25 200 imz 'H-NMR (DMSO-dg, ppm) 5 8.23 (IH, d, J=2.7 Hz), 7.79 (IH, 
dd, J=8.7, 2.7 Hz), 7.67 (IH, s), 7.62-7.34 (7H, m), 7.15 (IH, d, J=8.7 Hz), 
7.05-6.96 (2H, m), 6.91 (IH, d, J=8.7 Hz), 5.30 (IH, septet, J=6.2 Hz), 4.66 
(IH, septet, J=6.0 Hz), 1.34 (6H, d, J=6.2 Hz), 1.30 (6H, d, J=6.0 Hz), 1.2S 
(9H,s). 
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Example 8 

5-(4-ter^BuMDhem^n-^-r4-isoT>^opox^n^benv 1)-^-<'4-methvl-3-mtrot)hen- 

yDiiidole-l-carboxvlic acid 
5 The title compoxmd was prepared in accordance with Example 4, using 5- 
■ bromoindole-2-carboxyUc acid ethyl ester, 4-iert-but34phenylboroBic acid, 

4-isopropoxyphen.yIboroiiic acid, and 4-bromo-l-methyl-2-mtrobenzene. 

200 MHz 'H-NMR (DMSO-de, ppm) 5 13.0 (IH, br s), 8.10 (IH, d, J=2.0 

Hz), 7.76 (IH, dd, J=8.2, 2.0 Hz), 7.72-7.65 (2H, m), 7.61 (IH, dd, J=8.7, 
10 1.4 Hz), 7.56-7.38 (6H, m), 7.25 (IH, d, J=8.7 Hz), 7.06-6.96 (2H, m), 4.67 

(IH, septet, J=6.0 Hz) 2.61 (3H, s) 1.31 (6H, d, J=6.0 Hz) 1.30 (9H, s). 

Exam ple 9 

^ fi--Risr4-iso proi30X^TheiwlVl -rnaphthalen-2-vl lindol e -2-carb oxYlic acid 
15 The title compound was prepai-ed in accordance with Example 1, using 6- 
bromomdole-2-caTboxyUc acid ethyl ester, 4-isopropoxyphenylboromc acid, 
and naphthalen-2-ylboroiiic acid. 

200 MHz 'H-NMR (DMSO-dg, ppm) 5 8.12-7.95 (4H, m), 7.70-7.36 (9H, 
m), 7.33-7.28 (IH, m), 7.05-6.84 (4H, m), 4.64 (IH, septet, J= 6.0 Hz), 4.56 
20 (IH, septet, J= 6.0 Hz), 1.30 (6H, d, J=6.0 Hz), 1.22 (6H, d, J=6.0 Hz). 

Example 9A 

.qnrlinm ^.6-bisr4-isoprot)ox-vDhen v n-l-rnaphtha1en-2-vl)indole-2-caxboxY- 
late 

25 To a solution of 3,6-bis(4-isopropoxyphenyl)-l-(naphthalen-2-yl)-indole-2- 
carboxyHc acid (37 mg, 67 nmol) in CH2CI2 was added a stock solution of 
MeONa (3.37 M, 19.9 (iL). The mixture was stirred at room temperature for 
20 min. The precipitate was collected by filtration and dried in vacuo to 
afford the title compound (25 mg, 65%). 
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200 imz 'H-N]\4R (DMSO-dfi, ppm) 6 8.12-7.95 (4H, m), 7.76-7.65 (4H, 
m), 7.62-7.61 (6H, m), 7.00-6.87 (4H, m), 4.63 (IH, septet, J= 6.0 Hz), 4.57 
(IH, septet, J= 6.0 Hz), 1.31 (6H, d, J=6.0 Hz), 1.25 (6H, d, J=6.0 Hz). 

5 Example 10 

1 ■3.6-Trisr4-isopropox%'pheiivl1indole-2-carbQXvlic acid 

The title compound was prepai'ed in accordance with Example 1, usiag 6- 

bromoindole-2-carboxylic acid eth^'l ester, and 4-isopropoxyphenylboronic. 

10 Example IQA 

i^nHimn 1 ■ 3.6-trisr4-isopropoxvDhenvlVindole-2-carboxvIate 
The title compoimd was prepared in accordance with Example 9A from 
l,3,6-tris(4-isopropoxyphen34)iadole-2-carbox5'hc acid (see Example 10). 
200 MHz 'H-NMR (DMSO-dg, ppm) 5 7.71-5.59 (3H, m), 7.53-7.39 (4H, m% 

15 7.32-7.27 (IH, m), 7.23-7.22 (IH, m), 7.06-6.S9 (6H, m), 4.73-4.54 (3H, m), 
1.35-1.23 (18H,m). 

Example 11 

l-^6-IsoDro^DOx-^^^vrid-3-vn-3-rpvrid-3-vn-5-^4-rt^ifl^orometfavnphenvn- 
20 iadole-2-carboxvlic acid 

(a) 3-Iodo-5-f4-(trifluoromethvl)phenvDiadole-2-cai-boxvhc acid ethvl ester 
The sub-title compound was prepared in accordance with Example 1 (a) and 
1(b), usiag 5-bromouidole-2-carbox'3'hc acid ethyl ester, 4- 

25 (tiifluoromefh5d)pbenylboronic acid, Nal and 7V"-chlorosuccinimide. 

(b) 3-rPvrid-3-vlV5-('4-('ti-ifluoromethvDphenyDindole-2-carboxvlic acid 
ethvl ester 

Pd(PC3'3)2 (0.055 mmol, 5.5 mL, 5 mol%) in dioxane was added to a stin-ed 
30 mixtui-e of 3-iodo-5-(4-(trifIuoromefh3d)phenyl)indole-2-carboxylic acid 
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ethyl ester (480 mg, 1.1 mmol; see step (a)), 3-(4,4,5,5-tetramethyl-13,2- 
dioxaborolan-2-yl)pyridme (248 mg, 1.21 mmol), Na.COs (aq. 2M, 2.75 
^L, 5.5 mmol) and dioxane (13 mL) at room temperature. The mixture was 
stirred at 80°C for 16 h aUowed to cool, diluted mth EtOAc and then 
5 washed ^^dth brine, dried over MgS04, concentrated and purified by 
chromatography to yield the sub-title compound (376 mg, 79%). 



10 



15 



25 



(c) ^-RTomo-2-i.sopropoxv pvridine 

AgCOs (1.3 g, 5 mmol), toluene (15 mL) and 2-iodopropane (1.2 mL, 12 
mmol) were added to 5-bromopyridin-2(li^)-one (1.74 g, 10 mmol). The 
mixture was stirred at 50 °C for 16 h, after which it was allowed to cool, 
liien diluted with EtOAc and filtered through Cehte®. The filter cake was 
washed with EtOAc and the combined filtrates concentrated and purified by 
distillation to yield the sub-title compound (1.12 g, 52%). 



(d) i-rfi-T..npro poxvDA n-i- d-Vvn-3-rDvrid-3-vn-5-r4-(trifluoromethyl)- 
phenvDmdo1e-2-carbox y1i^ add ethvl ester 

A mixture of Cul (7.6 mg, 40 nmol) and 7/.iV-dimethyl-l, 2- diamino ethane 
(13 pL, 120 nmol) in toluene (0.5 mL) was added to a stirred mixture of 3- 
20 (pyrid-3-yl)-5-(4-(trifluoromethyl)phenyl)indole-2-carboxyUc acid ethyl 
ester (164 mg, 400 nmol; see step (b)), 5-bromo-2-isopropoxypyridine (216 
mg, 1 mmol; see step (c)), K3PO4 (196 mg, 800 nmol) and toluene (2 mL) at 
room temperature under argon. The mix^e was stirred at 110 °C for 5 h 
and at 140 °C for 16 h, after which it was aUowed to cool and filtered 
thi-ough Celite®. The filter calce was washed with EtOAc and the combmed- 
filtrates concenh-ated and purified by chromatography to yield the sub-title 
compound (57 mg, 29%). 
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(e) l-r^4soDropoxYn^nHH-^-v1V3-r pvriri-3-vlV5-f4-ftrifluorometbvl)- 
php.iiv1 )indo1 e-2-o arhoxvlic acid 

The title compound was prepared by hydrolysis of l-(6-isopropoxypyrid-3- 
yl)-3-(p3aid-3-yl)-5-(4-(trifiuoromethyl)phenyl)indole-2-carbox3^1ic acid ethyl 
5 ester (see step (d)) in accordance with the procedure described in Example 
1(e). 

200 MHz 'H-NMR (DMSO-dg, ppm) 5 8.90-8.71 (IH, m), 8.65-8.43 (IH, 
m), 8.26 (IR d, J=2.6 Hz), 8.10-7.99 (IH, m), 7.94-7.71 (6H, m), 7.66 (IH, 
d, .1=8.8 Hz), 7.56-7.41 (IH, m), 7.23 (IH... d, .1=8.8 Hz), 6.91 (IH, d, J=8.8 
10 Hz), 5.30 (IH, septet, J=6.0 Hz), 1.34 (6H, d, J=6.0 Hz). 

Example 12 

3-r6-Iso proPoy^T^vrid-3 -vlV 1 -r4-ftrifluoromethoxy)phen vl)-5-('4- - 
rtrifluorome thv1 Vhenvnindole.-2-carboxvlLcac id v. 

15 

ra) 9-Tc!nprn pnxv-5-r4.4 ^ ^-tetramet hvl-l ■3.2-dioxaboro1an-2-vl)p^a-idine 
A roixture of 5-bromo-2-isopropoxypyridme (300 mg, 1.4 mmol; see 
Example 11(c)), KOAc (206 mg, 1.54 mmol) and bispinacolatodiborane 
(391 mg, 1.54 mmol) in dioxane (10 mL) was stin-ed tinder argon at 80 °C. 

20 A mixture of Pd2(dba)3 (46 mg, 50 nmol), PCys (84 mg, 300 nmol) and 
anhydrous dioxane (5 naL) was added. The combuied mixture was stiixed at 
80 °C for 16 h, after which it was allowed to cool and filtered through 
Celite®. The filter calce was washed wfh EtOAc and the combined filtrates 
concenti-ated and purified by chromatography to yield the sub-title 

25 compound (216 mg, 59%). 

(b) 3-rfi-Tsoprono^ -3 q^^nHd-3-vn - 5-r4-rtrifluoromethvl)phe.nyl)nidole-2- 
carboxvhc acid ethvl ester 

A mixture of Pd2(dba)3 (23 mg, 25 nmol) and PCya (42 mg, 150 nmol) in 
30 anhydi-ous dioxane (5 mL) was stirred and then added to a mixture of 3- 
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iodo-5-(4-(trifluoromethyl)plieiiyl)iiidole-2-carboxylic acid ethyl ester (326 
mg, 0.71 mmol; see Example 11(a)), 2-isopropoxy-5-(4,4,5,5-tetrainethyl- 
l,3,2-dioxaborolaii-2-yl)pyridme (205 mg, 0.78 mmol; see step (a) above), 
Na2C03 (aq. 2M,, 1.17 mL, 2.34 mmol) and dioxane under argon at 80 °C. 
5 The mixture was stirred at 80 °C for 1 6 h, after which it was allowed to cool 
and extracted with EtOAc. The combined extracts were washed with brine, 
dried over MgS04, concentrated and purified by chromatography to yield 
the sub-title compound (219 mg, 66%). 

IQ (c) 3-r6-TsoDropoyvr)vrid-3-y1V1-r4-rtrifluoromethoxT)phen yl)-5-f4- 
ftri-niinrnmetbvDpbp.nvnindole- 2-carboxvhc acid ethyl ester 
The sub-title compomid was prepared in accordance with the procedure 
described in Example 1(d) from 3-(6-isopropox5Tyrid-3-yl)-5-(4- 
(trifluoromethyl)phenyl)iadole-2-carboxylic acid ethyl ester (see step (b)) 

1 5 and 4-(trifluoromethoxy)phenylboronic acid. 

(d.) 3-r6-IsQpropoyATvrid-3-vlV1-r4-rtiifluoroTnethQxy)phe nYl)-5-f4- 
(iTiflnnrnmethvDphRTivnindolP -2-carbox\^hcacid 

The title compound was prepared by hydrolysis of 3-(6-isopropoxypyrid-3- 
20 yl)-l-(4-(trifluoromethoxy)phenyl)-5-(4-(trifluorome1hyl)phenyl)indole-2- 
carboxyhc acid ethyl ester (see step (c)) in accordance with the procedure 
described in Example 1 (e). 

200 MHz ^H-NMR (DMSO-dg, ppm) 5 8.46-8.33 (IH, m), 7.98-7.71 (6H, 
m), 7.68-7.51 (5H, m), 7.26 (IH, d, J=8.8 Hz), 6.87-6.79 (IH, m), 5.30 (IH, 
25 septet, J=5.9 Hz), 1.32 (6H, d, J=5.9 Hz). 
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Example 13 

5-r4-^'e^/-But^4plleIlvlV3-r4-isoprQpox^^lleT ^v^ V 1 -r)vrid-3-vl- 1 H-indole-2- 

carboxvlic acid 

The title compound was prepared iii accordance with Example 1(d) fi-om 5- 
5 (4-ie7-r-but3'lpheu34)-3-(4-z^o-propoxyphenyl)- liy-iiidole-2-carbox3^hc acid 
ethj'l ester (see Example 1(c)) and 3-(4,4,5,5-tetrametliyl- 
[l,3,2]dioxaborolaii-2-3d)-pyridiiie, followed by ester hydrolysis iii 
accordance -wdth the procednre described in Example 1(e). 
200 MHz 'H-NMR (DMSO-ds, ppm) 5 8.72-8.52 (2H, m) 8.01-7.91 (IH, 
10 m) 7.72-7.38 (9H, m) 7.17 (IH, d, >8.4 Hz) 7.07-6.95 (2H, m) 4.70 (IH, 
septet, J=6.1 Hz) 1.31 (6H, d, J=6.1 Hz) 1.28 (9H, s). 

Exaraple 14 

Title compounds of the examples were tested in the biological test described- 
15 above and were foimd to exhibit 50% inhibition of mPGES-l at a 

concentration of 10 ]xM or below. For example, for the foUowing 

compounds of the examples," 50% inhibition was obsen'ed at: 

Example 2: 350 hN-I 

Examples: 210 nM 
20 Example 6: 70 nKl 

Example 11: 1800 nM 

Example 13: 950 hN^ 
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Claims 



A compound of formula I, 



R2 X 




C(0)OR^ 



wherein 



X and independently represent an aryl group or a heteroaryl gimp, both 
10 of ^vhich groups are optionally substituted by one or more substituents 
selected from A; 

one of the groups R% R^ R^ and R' represents an aiyl group or a heteroaryl 
group (both of which are optionally substituted by one or more substituents 

15 selected from A) and: 

a) the other groups are independently selected from hydrogen, G', an 
aryl gi-oup, a heteroarjd group (which latter two groups are optionaUy 
substituted by one or more substituents selected from A), Ci.g alkyl and a 
heterocycloalkyl group (which latter two groups are optionally substituted 

20 by one or more substituents selected from and/or Z^); and/or 

b) any two other groups which are adjacent to each other are optionally 
Imlced to form, along with two atoms of the essential benzene ring in the 
compound of formula I, a 3- to 8-membered ring, optionally containing 1 to 
3 heteroatoms and/or 1 to 3 double bonds, which i-ing is itself optionaUy 

25 substituted by one or more substituents selected from halo, -R^ -OR^ and 
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A represents, on each occasion when mentioned above: 

I) an arjd gi'oup or a heteroaiyl group, both of \^^hich are optionall^?^ 
substituted by one or more substituents selected fi"om B; 

II) allc3d or a heteroc^/cloall-:}^! group, both of wliich ai-e optionally 
substituted by one or more substituents selected from and/or 7) ; 

III) a group; or 

IV) tvy^o A substituents may be linked together to form, along with at 
least two (e.g. adjacent) atoms of the arjd or heteroaryl group to \A4-nch the 
two A substituents are attached, a further 3- to 5-membered ring, which img 
optionally contains 1 to 3 hetereoatoms and/or 1 to 2 double bonds, and 
which is optionally substituted by halo or C].s alks^, which latter group is 
optionally substituted by halo; 

represents, on each occasion when mentioned above: 
I) hydrogen; 

n) an aryl group or a heteroar3d group, both of which are optionally 
substituted by one or more substituents selected from B; or 
III) Ci,s aUqd or a heterocycloaUcyl group, both of which are optionally 
substituted by one or more substituents selected fi'om G^ and/or 7}\ 

G^ represents, on each occasion when mentioned above, halo, cyano, -N3, 
-NO2, -ONOsor-A^-R^; 

wherein A^ represents a single bond or a spacer group selected from 
-C(0)A--, -S(0)nA^-, -N(R^)A^- or -OA^-, in which: 
A^ and A^ independently represent a single bond, -0-, -N(R^)- or -C(0)-; 
A"^ and A^ independently represent a single bond, -0(0)-, -C(0)N(R^)-, 
-C(0)0-, -S(0),- or -S(0)nN(R')-; 
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7} represents, on each occasion when mentioned above, =0, =S, =NOR , 
=NS(0)„N(R')(R'), =NCN or =C(H)N02; 

B represents, on each occasion when mentioned above: 

5 1) an aryl group or a heteroaryl group, both of which are optionally 
substituted by one or more substituents selected from G^, meth3denedioxy, 
difluoromefhylenedioxy and/or dimethyknethylenedioxy; 
II) C].8 aUcyl or a heterocycloallQ^ group, both of which are optionally 
substituted by one or more substituents selected from G" and/or 7f\ 

10 m) a G- group; or 

JSF) methylenedioxy, difluorometliylenedioxy or dimethyhnethidene- 

dioxy; 

G- represents, on each occasion when mentioned above, halo, cyano, -N3, 
15 -NO2, -ONO2 or -A^-R^; 

wherein represents a single bond or a spacer group selected from 

-C(0)A'-, -S(0)„A'-, -N(R^°)A'- or -OA^°-, in which: 

a' and A^ independently represent a single bond, -0-, -N(R'°)- or -C(0)-; 

A^ and A^° independently represent a single bond, -C(0)-, -C(0)N(R'°)-, 
20 -C(0)0-,-S(0)„-or-S(0)„N(R'°)-; 

7} represents, on each occasion when mentioned above, =0, =S, =NOR^, 
=NS(0)„N(R'°)(R') , =NCN or -C(H)N02; 

25 R"^, R^ R^ and R'° are mdependently selected from: 

i) hydi-ogen; 

ii) an aiyl gi'oup or a heteroaryl group, both of which are optionally 
substituted by one or more substituents selected from G^ methylenedioxy, 
difluoromethylenedioxy and/or dimethyhneHij'lenedioxy; 
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iii) Ci.B allcj'l or a heterocycloallcyl group, both of which are optionally 
substituted by and/or 7}\ or 

any pair of and or R' and R^°, may, for example when present on the 
same or on adjacent atoms, be linlced together to form ^;^dth those, or other 
5 relevant, atoms a further 3- to 8-membered ring, optionally containing 1 to 3 
heteroatoms and/or 1 to 3 double bonds, which ring is optionally substituted 
b}' one or more substituents selected from (j and/or Z"; 

represents, on each occasion when mentioned above, halo, cyano, -N3, 
10 -N02,-ON02or-A"-R^^; 

wherem A" represents a smgle bond or a spacer group selected from 

-C(0)A'^-, -S(0)„A''-, -N(R'')A''- or -OA^'-, in which: 

a" and A'^ independently represent a single bond, -0-, -N(R^^)- or -C(0)-; 

A^^ and A^' independently represent a single bond, -C(0)-, -C(0)N(R^-)-,: 
15 -C(0)0-, -S(0)n- or -S(0)„N(R'-)-; 

Z^ represents, on each occasion when mentioned above, =0, =S, =NOR^\ 
=NS(0)„N(R'-)(R") , =NCN or =C(H)N02; 

20 n represents, on each occasion when mentioned above, 1 or 2; 

R" and R'" are independently selected from: 

i) hydrogen; 

ii) C1.6 aUcyl or a heterocj^cloaUcyl group, both of which groups are 
25 optionally substituted b^^ one or more substituents selected from halo, Ci^ 

alkyl, -N(R'')(R''), -0(R^') and =0; and 

iii) an ai^'l or heteroaryl gi'oup, both of which are optionally substituted 
by one or more substituents selected from halo, Cj^ aUcyl, -N(R^^)(R^'') and 
-0(R"); or 
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10 



any pair R^^ and R^" may, for example when present on the same or on 
adjacent atoms, be Linked together to form vidth those, or other relevant, 
atoms a further 3- to 8-membered ring, optionally containing 1 to 3 
heteroatoms and/or 1 to 3 double bonds, which ring is optionally substituted 
by one or more substituents selected from halo, Cm alkyl, -N(R^^)(R^'*), 
-0(R^^)and=0; 

R^^ and R^^ are independently selected from hydrogen and Cm aUcyl, which 
latter group is optionally substituted by one or more halo groups; 

or a pharmaceutically-acceptable salt thereof. 



2. A compound as claimed in Claim 1 , wherein: 

A" aad A^ independently represent a single bond, -O- or -N(R )-; 

7 

15 T) represents, on each occasion when mentioned above, =0, =NOR , 

=NS(0)„N(R')(R'), =NCN or =C(H)N02; 

a'' and A^ independently represent a single bond, -O- or -N(R^°)-; 

represents, on each occasion when mentioned above, =0, =NOR^ 
=NS(0)^(R'°)(R') , =NCN or =C(H)N02; 
20 A^^ and A^^ independently represent a single bond, -O- or -N(R^^)-; and/or 
T) represents, on each occasion when mentioned above, =0, =N0R", 
=NS(0)„N(R'')(R'') , =NCN or =C(H)N02. . 

3. A compound as claimed in Claim 1 or Claim 2, wherein n represents 
25 2. 

4. A compound as claimed in any one of the preceding claims, wherein 
A represents G' . 
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5. A compomid as claimed in any one of the preceding claims, wherein 
G' represents halo, c^'ano, -NOt or -A'-R'. 

6. A compound as clauned in Claim 5, wherein G' represents -NO2 or 
5 -A'-R'. 

7. A compound as claimed in any one of the preceding claims, wherein 
A^ represents a single bond, -N(R^)A''- or -OA^-. 

10 8. A compound as claimed in any one of the preceding claims, wherein 
A'' and A^ independently represent a single bond. 

9. A compound as claimed in any one of the preceding claims, wherein 
R'' and R^ ai-e independently selected from hydrogen and Ci-e aUc5^1, which 

15 latter gi'Dup is optionally substituted by one or more substituents selected 
from G^. 

10. A compound as claimed in any one of the preceding claims, wherein 
G^ represents halo. 

20 

11. A compoimd as claimed in any one of the preceding claims, wherein 
R' represents an optionally substituted phen}^, naphthyl or pyrid5d gi'oup. 

12. A compound as claimed in any one of the preceding claims, wherein 
25 X represents an optionally substituted phenyl or pjaidjd group. 

13. A compoimd as claimed in any one of the preceding claims, wherein 
R^ and R'' independently represent G\ hydrogen or an optionally substituted 
phen3'l orpj^idid gi^oup. 
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3 4 

14. A compound as claimsd in Claim 13, wherein R and R 
independently represent hydrogen or an optionaUy substituted phenyl or 
pyridyl group. 

5 15. A compound as claimed in any one of the preceding claims, wherein 
at least one of R^ and represents optionaUy substituted phenjd or pyridyl, 
and up to one other represents or hydrogen. 

16. A compound as claimed in any one of Claims 13 to 15, wherein 
1 0 when R^ or R"* represents an optionally substituted phenyl or pyridyl group, 
then the other substituents on the essential benzene ring of the indole of 

formula I, as defined in Claim 1, (i.e. R^ R' and or R^ (as appropriate)) 
independently represent or hydrogen. 

15 17. A compound as claimed in Claim 16, wherein the otiier substituents 
represent hydrogen. 

18. A compound as claimed in any one of Claims 1 1 to 17, wherein the 
optional substituents are selected firom cyano, heterocycloaUcyl, halo, -NO2, 

20 C1.6 alkyl (which alkyl group may be hnear or branched, cyclic, part-cyclic, 
unsaturated and/or optionally substituted with one or more halo group), 
-OR^^ and -N(R'^')R^^, wherein R^' and R^^ independently represent, H or 
C1..6 aUcyl (which all^d gi'oup is optionally substituted by one or more halo 
groups) 

25 

19. A compound as claimed in Claim 18, wherein the optional 
substituents are selected firom halo, -NO,, Ci^ alkyl (which alkyl group may 
be linear or branched, cyclic, part-cyclic, unsaturated and/or optionaUy 
substituted with one or more halo gi'oup), -OR*' and -N(R'')R'', wherein 



wo 2(K(5/123r.75 



PCT/GB2(K>5/<»(I24(M 



65 

R^^ and R^^ independently represent, H or C,.6 aUc^'l (\^'hich aUc>4 group is 
optionally substituted by one or more halo groups). 

20. A compound as claimed in any one of the preceding claims, \'i'herein 
5 R^ represents hydrogen. 

21. A compound as defined in any one of Claims 1 to 20, or a 
pharmaceutically-acceptable salt thereof, for use as a pharmaceutical. 

10 22. A pharmaceutical formulation including a compound as defined in 
any one of Claims 1 to 20, or a pharmaceutically-acceptable salt thereof, in 
admixture with a pharmaceutically acceptable adjuvant, diluent or carrier. 

23. The use of a compound as defined in any one of Claims 1 to 20, or a 
15 phannaceuticaUy-acceptable salt thereof, for the manufactore of a 
medicament for the treatment of a disease in which inhibition of the activity 
of nucrosomal prostaglandin E synthase- 1, leulcotriene Ca and/or 5- 
lipox5'genase-activaing protein is desired and/or required. 

20 24. A use as claimed in Claim 23, wherein inhibition of the actiAdty of 
microsomal prostaglandin E Si^ithase-l is desired and/or requir ed. 

25. A use as claimed in Claim 23 or Claim 24, wherein the disease is 
inflammation. 

25 

26. A use as claimed in Claim 25 wherein the disease is inflammatory 
bowel disease, iiiritable bowel syndi'ome, migi-aine, headache, low back 
pain, fibromyalgia, a myofascial disorder, a vii-al infection, a bacterial 
infection, a fungal infection, dysmenorrhea, a bum, a surgical or dental' 

30 procedure, a malignancy, atherosclerosis, gout, aithiitis, osteoarthritis. 
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juvenile arthritis, rheumatoid arthritis, fever, anlcylosiag spondylitis, 
systemic lupus erythematosus, vasculitis, pancreatitis, nephritis, bursitis, 
conjunctivitis, iritis, scleritis, uveitis, wound healing, dermatitis, eczema, 
psoriasis, stroke, diabetes mellitus, a neurodegenerative disorder, an 
5 autoimmune disease, osteoporosis, asthma, chronic obstructive pukaonary 
disease, pulmonary fibrosis, an aUsrgic disorder, rhinitis, an ulcer, coronary 
heart disease, sarcoidosis, inflammatory pain, hj'perprostaglandin E 
s>'ndrome, classic Bartter syndrome, Hodgldn's disease, persistent ductus, 
any other disease with an inflammatory component, Paget' s disease or a 
10 periodontal disease. 

27. A method of treatment of a disease in v/hich inhibition of the activity 
of mPGES-1, LTC4 and/or FLAP is desired and/or required, which method 
comprises administration of a therapeutically effective amoimt of a 

15 compound as defmed in any one of Claims 1 to 20, or a pharmaceutically- 
acceptable salt thereof, to a patient suffering from, or susceptible to, such a 
condition. 

28. A method as claimed ia Claim 27, wherein inhibition of the activity of 
20 muPGES-1 is desired and/or required. 

29. A combination product comprising: 

(A) a compound as defined in any one of Claims 1 to 20, or a 
pharmaceuticalty-acceptable salt thereof; and 
25 (B) another therapeutic agent that is useful in the ti-eatment of inflammation, 
wherein each of components (A) and (B) is formulated in admixture with a 
pharmaceutiLcally-acceptable adjuvant, diluent or carrier. 

30. A combination product as claimed m Claim 29 which comprises a 
30 pharmaceutical formulation including a compoimd as defined in any one of 
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Claims 1 to 20, or a phaimaceuticaUy- acceptable salt thereof, another 
therapeutic agent that is useful in the ti-eatment of inflamnation, and a 
pharmaceuticaUy-acceptable adjuvant, diluent or carrier. 

5 31. A combination product as claimed in Claim 29 which comprises a 
Idt of parts comprisiag components: 

(a) a pharmaceutical formulation including a compound as defined in 
any one of Claims 1 to 20, or a pharmaceutically-acceptable salt 
thereof, in admixture wth a pharmaceutically-acceptable adjuvant, 

IQ diluent or carrier: and 

(b) a pharmaceutical formulation including another therapeutic agent 
that is usefiil iu the treatment of inflammation in admixture with a 
phamiaceutically-acceptable adjuvant, diluent or carrier, 

which components (a) and (b) are each provided m a form that is suitable.. 
15 for adminish-ation in conjunction wititi the other. 

32. A process for the preparation of a compound as defined in Claim 1, 
which comprises: 

(i) reaction of a compound of formula EE, 
R2 X 

-C(0)OR^ 




20 

whereki X, R% R\ R', and are as defmed in Claim 1, with a 
compomid of formula III, . 

wherein L' represents a suitable lea^dng group and R' is as defined m Claim 
25 1; 

(ii) reaction of a compound of formula IV, 
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C(0)0R' 



IV 



wherein is as defined above and R', R\ Bj, R' and R^ are as defined 
in Claim 1, with a compound of formula V, 

XL- V 
wherein represents a suitable leaving group and X is as defined in Claim 

1; 

(ui) reaction of a compoimd of formula VI, 

X 



R2-R5 




C(0)OR 



VI 



wherein represents V or LT as defined above, which group is attached to 
1 0 one or more of the carbon atoms of the benzenoid ring of the indole, and the 
remaining positions of the benzenoid ring are substituted with 1 to 3 
(depending on the number of substitLients) R'-R^ substituents, R^-R^ 
represents any one of the substituents, i.e. R\ R^ R^ and R^ that are ahready 
present in ttiat ring (as appropriate), and X, R\ R^, R^ R"*, R^ and R^ are as 
1 5 defined in Claim 1 , with a compound of formula VII, 

wherein R" represents R^ R\ R^ or R^ (as appropriate), and L'* represents 
V (when iJ is L^) or V (when V is L^) as defined above. 
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